a2 United States Patent

Kawai

US009423145B2

10) Patent No.: US 9,423,145 B2
(45) Date of Patent: Aug. 23,2016

(54) AIR CONDITIONER AND REMOTE
CONTROLLER WITH BIDIRECTIONAL
COMMUNICATION

(75) Inventor: Tomofumi Kawai, Kanagawa (JP)

(73) Assignee: Fujitsu General Limited, Kanagawa
(IP)

(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 1081 days.

(21) Appl. No.: 13/355,293
(22) Filed: Jan. 20, 2012

(65) Prior Publication Data
US 2012/0187201 Al Jul. 26,2012

(30) Foreign Application Priority Data

Jan. 20,2011  (IP)
Jan. 20,2011  (IP)
Jan. 20,2011  (IP)
Apr.5,2011  (IP)

2011-010301
2011-010303
2011-010304
2011-083990

(51) Int.CL
F24F 11/00 (2006.01)
GO5D 23/19 (2006.01)
(52) US.CL
CPC ... F24F 11/006 (2013.01); F24F 11/0034

(2013.01); F24F 2011/0068 (2013.01); F24F
2011/0073 (2013.01);

(Continued)
(58) Field of Classification Search
CPC ....cccee. F24F 11/0034; F24F 11/0035; F24F

11/0036; F24F 2011/0068; F24F 2011/0075;

F25B 2600/07; GO5D 23/1905

USPC ittt 236/51
See application file for complete search history.

AC INDOCR UNIT

(56) References Cited
U.S. PATENT DOCUMENTS

2004/0064551 Al* 42004 Amano ............ GO8C 19/00
709/224
2009/0026280 Al* 1/2009 Liaoetal. .........cc.... 236/46 R

2009/0037040 Al 2/2009 Salmon et al.

FOREIGN PATENT DOCUMENTS

Jp 01-119197 A 5/1989
Jp 2003-166745 A 6/2003
Jp 2004-061005 A 2/2004
(Continued)
OTHER PUBLICATIONS

JP 2009-264631 (English Translation).*
(Continued)

Primary Examiner — Jonathan Bradford

(74) Attorney, Agent, or Firm — McDermott Will & Emery
LLP

(57) ABSTRACT

An air conditioner includes an air conditioner body and a
remote controller that controls the operation of the air condi-
tioner body. The air conditioner body includes a body receiver
that receives a control signal for controlling the operation
from the remote controller, and a body transmitter that trans-
mits operation information for the air conditioner body to the
remote controller. The remote controller includes a remote-
controller transmitter that transmits the control signal for
controlling the operation to the air conditioner body, a
remote-controller receiver that receives the operation infor-
mation transmitted from the air conditioner body, and a
power-saving standby unit that sets the remote-controller
receiver as a reception standby state when a request signal to
request operation information is transmitted from the remote
controller to the air conditioner body at each predetermined
time interval, and that releases the reception standby state
after a given time has passed.

4 Claims, 42 Drawing Sheets

HUMIDIFIER




US 9,423,145 B2

Page 2
(52) US. CL P 2009-264631 A 11/2009
CPC ...ccceveeeee. F24F 2011/0075 (2013.01); F24F OTHER PUBLICATIONS
2011/0091 (2013.01); F25B 2600/07
(2013.01); GO3D 23/1905 (2013.01) JP 2003-166745 (English Translation).*
JP 2004-156817 (English Translation).™*
(56) References Cited Japanese Office Action with Full English Translation issued in

FOREIGN PATENT DOCUMENTS

JP 2004-156817 A 6/2004
JP 2005-106355 A 4/2005
JP 2007-278696 A 10/2007
JP 2007-303821 A 11/2007

Japanese Patent Application No. 2011-010303 mailed Nov. 26,
2013.

Japanese Office Action issued in Japanese Application No. 2011-
083990 dated Dec. 24, 2014, with Engish translation.

Extended European Search Report issued in European Patent Appli-
cation No. 12151902.9 dated Sep. 19, 2012.

* cited by examiner



U.S. Patent Aug. 23,2016 Sheet 1 of 42 US 9,423,145 B2
FIG.1
AC INDOOR UNIT HUMIDIFIER
%
2
— 4
= B
)
RF

OPERAT NG
COOLING
28°C

TUENEE
73 il I

1~

RC




U.S. Patent Aug. 23,2016 Sheet 2 of 42 US 9,423,145 B2

2
/
AC INDOOR UNIT
HUMAN
SENSOR RTC
| | 522 4
MPU BOARD ’
| HUMIDIFIER
RF M(RDULE L ~21 R . RPD ||,
> UNIT
RF
RC ~1
v 511 513
RF MODULE IR LED
$14 3
MPU BOARD /
<14a $14c 12 PC
POWER-SAVING TIMER SETTING 34
| | usB USB |5
STANDBY UNIT UNIT SOCKET SOCKET
RECEPTION-TIME
LIMITING UNIT [~ 14P
515 516 517 518
LCD KEY
UNIT OPERATING RTC BATTERY
UNIT




U.S. Patent Aug. 23,2016 Sheet 3 of 42 US 9,423,145 B2

FIG.3

4 )
OPERATING I ICIR S
157711 COOLING 28°C
Auto
OPERATION
SWITCHING A \
START
SLEEP STOP TEMP
() v
/
—
16a
paot | |aunory | [FLER L | noTice >\16
9 - g LEFT
160 | | lvotlhe ] swme FRREONE] R, TN
| ¥16d
| auto
;| |comFoRT
:: {Human Sensor:
ENERGY
: | | saviNG
RESET
S ) J
S

\j / / J

16b 16¢c



U.S. Patent Aug. 23,2016 Sheet 4 of 42 US 9,423,145 B2

FIG.4

<RC> <AC>
<14 c11 <21 <22
MPU BOARD RF MODULE | | RF MODULE MPU BOARD
PAIRING
 START PAIRING START
- {860 OPERA-
PAIRING START PAIRING TION
START T »
OPERATION Sé1 PAIRING PAIRING
BETWEEN RF BETWEEN RF
MODULES MODULES
<}_T_{> CONFIRM PAIRING
S62 L 3$63 i
COMPLETION OF COMPLETION OF
P PAIRING PAIRING R
N {3865 (S64 i
REQUEST FOR TRANSMIT

AC MODEL GENERAL DATA
INFORMATION [S663 o " |
COMPLETON ———10 TRANSMIT
OF GENERAL DATA GENERAL DATA
TRANSMISSION k———fég;"
| TRANSMISSION

(TRANSMISSION:

SUCCESSFUL)
RECEPTION MODE _ AC
Tsea > TRANSFER MODEL

INFORMATION INFOR-
INFORMATION S69 | MATION

1569 |
AC MODEL w<; COMPLETION OF TRANSFER OF
INFORMATION CANCEL S70

INFORMATION

(TRANSMISSION:
S71

SUCCESSFUL)
CHECK COMPLETION OF
CORRESPONDING RECEPTION MODE
MODEL
§72
PAIRING: TRANSMIT

sponping T UH|T TCOMPLETION —
MODEL OF GENERAL DATA _
TRANSMISSION 4-’—’?‘_"\-» PAIRING:

DISPLAY / S74 sucC-

SUCCESSFUL [“ (TRANSMISSION: CESSFUL
PAIRING SUCCESSFUL)
DISPLAY

SUCCESSFUL TRANSMIT

LB  PAIRING GENERAL DATA
MODEL s757 —u__ |
OTHER THAN THE COMPLETION

CORRESPONDING | OF GENERAL DATA \-)

PAIRING:
SN | TRANSMISSION ez RS
DISPLAY |™ CLEAR PAIRING CLEAR PAIRING | CESSFUL
UNSUCCESSFUL
PAIRING s77 s79
s78 580
COMPLETION OF COMPLETION OF
CLEARING OF CLEARING OF

PAIRING PAIRING



U.S. Patent Aug. 23,2016 Sheet 5 of 42 US 9,423,145 B2

FIG.5

SERIES NAME: Z/S

MANUFACTURING YEAR OF
INDOOR UNIT: ATO Z

AC MODEL CHARACTER STRING: (MODEL
INFORMATION NAME, WITHIN 16 CHARACTERS)

DERIVATIVE MODEL: 1
AC ID (MAC ADDRESS)

FIG.6

SERIES NAME: ZOR S

AC MODEL MANUFACTURING YEAR OF
INFORMATION INDOOR UNIT: A

DERIVATIVE MODEL: 1




U.S. Patent Aug. 23,2016 Sheet 6 of 42 US 9,423,145 B2

FIG.7

<RC> <AC>
c14 (11 (21 (22
MPU BOARD RF MODULE RF MODULE MPU BOARD
REQUEST LOG
FIXED TIME T8 P
LOG
STORE [« s
STORE |« 553
COMPLETE END LOG
ACQUISITION OF |«
LOG L s84
START
STOP A A ¥ S Fy A A
START/ ON-TIMER |} OFF-TIMER START/ OFF-TIMER
STOP KEY SET SET STOP KEY UP
START/ ON-TIMER OFF-TIMER OFF-TIMER

STOP KEY upP upP SET



U.S. Patent Aug. 23,2016 Sheet 7 of 42
FIG.9
( START ’

US 9,423,145 B2

HAS S100

REQUEST
SIGNAL FOR
OPERATION INFORMATION
BEEN TRANSMITTED

FROMRC TO

A

4

S101
Z

AC INDOOR
UNIT?

WAIT UNTIL REQUEST
SIGNAL IS TRANSMITTED

» YES
4

SET RF MODULE IN RC TO
RECEPTION STANDBY STATE

5102

HAS GIVEN TIME PASSED?

RELEASE RECEPTION STANDBY

STATE S104

END



U.S. Patent Aug. 23,2016

Sheet 8 of 42

US 9,423,145 B2

CONTROL
SIGNAL FOR
CONTROLLING OPERATION
BEEN TRANSMITTED
FROMRC TO
AC INDOOR
UNIT?

»| YES

A4

NO

S201
v i

WAIT UNTIL CONTROL
SIGNAL IS TRANSMITTED

SET RF MODULE IN RC TO
RECEPTION STANDBY STATE

HAS GIVEN TIME PASSED?

RELEASE RECEPTION STANDBY
STATE

END



U.S. Patent Aug. 23,2016 Sheet 9 of 42 US 9,423,145 B2

FIG.11

( START )

HAS ABSENCE
OF HUMAN BODY BEEN
DETECTED?

NO

A\ 4
WAIT UNTIL ABSENCE

S302 OF HUMAN BODY IS
/ DETECTED

S301
Z

COUNT TIMER FOR
PREDETERMINED TIME

STOP OPERATION OF AC INDOOR S303
UNIT

.
; o

HAS CONTROL
SIGNAL OR REQUEST SIGNAL
BEEN RECEIVED?

TRANSMIT OPERATION $305
INFORMATION TO RC

END



U.S. Patent Aug. 23,2016 Sheet 10 of 42 US 9,423,145 B2

INSTRUCTION TO
SET RECEPTION STANDBY
STATE AFTER PREDETERMINED
TIME BEEN SENT FROM
AC INDOOR UNIT

S401
¥ /
WAIT UNTIL
INSTRUCTION FOR
RECEPTION STANDBY
STATE ARRIVE

HAS
PREDETERMINED TIME
PASSED?

SET RF MODULE IN RC TO RECEPTION
STANDBY STATE

5403

RECEIVE OPERATION INFORMATION
FROM AC INDOOR UNIT

RELEASE RECEPTION STANDBY STATE I’\S405

END

S404




U.S. Patent Aug. 23,2016 Sheet 11 of 42 US 9,423,145 B2

FIG.13

g3 ¢1
PC RC
CONNECTION | COMPLETION OF N
DETECTED [ ENUMERATION 7585 | CONNECTION
4 | DETECTED:
¢~ REQUEST REQUEST AC INFORMATION DISPLAY "USB-
FOR AC »| CONNECTED"
INFORMATION AC INFORMATION S8
CHECKING |
INFORMATION | R
LOADING OF | REQUEST AC-OPERATION SETTING INFORMATION
OPERATION Tses
SETTING
INFORMATION AC-OPERATION SETTING INFORMATION
z =
s TS89 RESPONSE
'_
2 T -
Q LOG REQUEST LOG -
1 LOADING Isgo
< LOG
= < TSo1 RESPONSE
L REQUEST NEXT DATA
(/2] T
o S92
o
LOG
N T5e3 RESPONSE
REQUEST NEXT DATA
{894
LOG END OF LOG
LOADING |«
\_COMPLETED 895
— —
RELEASE:
DISCONNECTED [——==—>| SHIFT TO
NORMAL
DISPLAY




US 9,423,145 B2

Sheet 12 of 42

Aug. 23, 2016

U.S. Patent

ajepdn 2z Aei
ejep ou
Ajrerued sialay]

£ uak 000

sasuadxgy
Ajouyoag
1ebie] Ajypuop

*xuef G620'ze
les )\ snolaald

ush v28'6
Jeo\ syl

/\

ush 0512
Jes A 1seT
10 JIUOW swesg
*Ush G2’}
LIUOJ\ SholAald

adddd

[sanoy 9| uak zpr| lepusjed
Uak Z0Lr- : YO SIyL gm0z

........... wmwcm&xm _ﬂﬂﬁ

[ e 14 PaM an| Ayouroal3 eAeinwNg
Yuoy YIUow
@ m #xwzu ﬁO ey u w:o_>m_n_vu

— Bumes OV WUU0D — ydeso — Jepusje)

colL—"

_ (ud) gz Ae o102

Xalr] / alemyog Juswabeue|y sesuadxg AloL1o8|g J_H_




US 9,423,145 B2

Sheet 13 of 42

Aug. 23, 2016

U.S. Patent

14

0ol

P 22 2501014 \\\
9 Giibod,
Drniris \\\\\\\\\\\\\\

7
LY

G Y SN,

G T

@ )

flllll'llllL

.
v

-

N

\M\v\\\mﬂw\ e wa%w
.

TG T T T

@\\v@ﬁ%
\&g@%

\‘\\\\i\\\\\\\\\\\\

o

AL

7

B

L0000

S

gL Old




US 9,423,145 B2

Sheet 14 of 42

Aug. 23, 2016

U.S. Patent

€01

( sompyjundeuo Q)

anoy Lz [sinoy gz _wh:o__ L sinoy oZ

ajepdn 7z ey
BlEp OU
Alened sialay]

(Susloooz)
sesuadx3y
Ayouos|3

1ebire] Ajyjuopy

uak ¢g m:g R

[sinoy 9|
uak zZolL

IF

uak gz m

Uk LG ﬂ

A A K A

jjue. QNFH% NN_‘H:w 8 H:w _.NFH
inoy @ oy e SIinoy; sinoyeg [Sinoyg9 sinoygzg [sinoy Qg
uak o uaA zg ush ¥ oA zg uak ¢ uak 9¢ L= uah 0zZ1
[sinoy ¢ oy gz (sinoy s sinoyg9 jsinoyy [sinoy Lz unoyg
ualk zz UaA 9¢ L ual gt luak g¢ !:w> ve !:w> NNF.__QA 0 E
[sinoy ¢ [sanoy 2 sinoy$  unoy g sinoy g [sinoyg [sinoy 2

»d uak g uak zg

xUek 5z0'ze
les A\ shojaald

usk 05/'01

[STEEIN

usk 0GL'z

IEONEE
10 LQUO\ awes

xuak GLg'|

UIUO SNoIABId

aeadd

ush g22')

Alypuopy

lepusjed

sasuadxg
Alouioslg sAlle|nwIND

e
©C 0z OB

| Bumes ov wiyuoo |

PO onl A
m sﬁw_@ ﬁo Aep u@%ﬁ&w
ydeio — Jepusjey _

/\

(1d) gz Aeln 0102

XOE




US 9,423,145 B2

Sheet 15 of 42

Aug. 23, 2016

U.S. Patent

ﬁmum m%m:\a_\,_

G Alleed s1 a1ay] x

g Cuskooo'z

] W sesusadx

) ﬂ 3
§

Gl

g
&

(Rep) 0¢ G¢c

o
(9

§
3

R
S

o

~

Ayoinos|3
1861e] AlUIuop

A,
PR,
Csri
ol

S,

bl
bl
b

xUak Gz0'2e

lee A sholrald

uak 0g/'0L
Ales

............ B I | I - I - NR——— X g%y Y] HEoA 4

usf 0512

= lesp jse

JO Yjuop swes
*ush G12'L

|+ F000

uek gz/°1 ydeis
..................................................................... 00¢ AIpUON : :

AC®>V wwmcmaxm \ﬁ._o_._wom_m b_o_:ow%_wcwm\”__ww__::;:o
™~
OCEZ OO (Rl fen (@SN
.
| Bumes ov wuyuoo | ydess |  uepused | (ud) gz AeIN 0102 o1 oBeuen | OV 10019

S—

XE] / 21eM)og Juawabeur|y sasuadxg Al0U09|T /_H_

b e e
S B S
b A A

(aﬁjemg@)

E
E
%
| 52

<
S
c
o
=
®
S
Q
>
<
o

901

L Eoow_umc_>_|_ P

L1 9Old



US 9,423,145 B2

Sheet 16 of 42

Aug. 23, 2016

U.S. Patent

ayepdn sz Aepy

Blep ou

o Allenped si aiay] x

Cuak008'C
sesuedx3y
AyoLnos|3

jeblie] Alyjuop

(Aep) 0 Gc

(@]
9
9]
~
o
~

§
3

s

fs
[
SO
R,
b

AR
AR

L

o

*Uak Gz0'Ze
lea A sholaald

uek #5zZ' 1
[STEEN

e e ]
o

OLb——T7

@619|u3®
L ]

/\

ueh 0GL'z
les ) 1s€7

........... oot
m

60—+

xUk Gzg'|
JUOJA SholAalHq

ddddd

usf €10'g ydeis
..................................................................... 00¢ Aiguoly : :

AC®>V wme®QXm >U—_nv_‘_”_.num_m >«_o___owhwcwmwnmm__:=_:0
(oY
@€ ooz O m sﬁm_p_u mo Rew u %%Fn_vu
.
| Bumes ov wiyuog | ydeso |  sepueed | (‘ud) 8z ke 0102 2114 eBeueiy | OV 193195

— WY __—

XEC] / alemyog uawabeue|p sasuadx3 AloU109|3 /_H_

r=
o
<
s
c
o
=
[
£
@
2]

@)\eonpe&D

901L—+"|

81 9Ol



US 9,423,145 B2

Sheet 17 of 42

Aug. 23, 2016

U.S. Patent

(Aep) Q¢ Gc

oepdn /z Aepy
ejep ou
o] AllenJed si alay ]

Cued 008'e
sesuadxgy

fyolyoe|g
1861 Alyuop

o
N
3]
b
o

oo
G

S

*Uek Gz0'ze
J1es A sholreld

ush pgz'v L

..... - Nlog Klee A A

ush gL'z
leg A jsen

JO Yjuop sweg
*UsKk Gzg'|
YIUO Sholaald

gdddd

usk €102 yders

............ td L - IR - i I = S = R e H. -
vV vY ¥ vV vV v 001 KON : :n
(uak) sesuadxg AoU108|g sosuadxg g

Aoupos|3 aaeWIND
~ VT Guow
@ ¥ 0102 @ m yxwzw hO Aepy u w:o_>9n_vu

-
| Bumes oy wiyuoo | ydesg | |  uepused | (‘ud) 8z e 0102 2114 eeuey | OV 109188

o s
B

D

OlLb——T7

@Bjewa@
R A
B
T

]
'
]
]
]
'
]
'
]
!
T
1
T
]
T
]
'

|
'
'
T
'
|

601+

SWIo0Y ||V

o0L—+"|

XOC] \ a1em)jog Juswoabeue|y sesuadxg AlIoL109(T \O

61 Ol



US 9,423,145 B2

Sheet 18 of 42

Aug. 23, 2016

U.S. Patent

dan 2z A
Bmvﬁw_omwc e |ejo] L—~301|
(Rep) O Gl g Alered si 210y 1% SWooy IV

0¢
BIE HEHE {uak 008°C
#m/ HR

w0
N

7
(=)
—

i

b sesuadxy
fiounos)g
1ebie] Alyiuop

Bl

BIEREE IS

SRR, MR,
P VR,

RPN,

S0 KR

*UoA 52028
¥ 188\ sSnoirsld

uek $5Z'v 1L
JIEEIN

e e )

BERRRR3R VA A A AN
338 P

OLl——T7

(eﬁjemg@
AR BRERRRRRRD, I

....... e 0014

uek 0gL'g
leg ) i1sen

1O YJUol\ eweg
xUsh 5zg'|

E
T

601—1+—T7

[
T
£
c
<)
=
)
>
=
>
[
o

- 7000

901 uak g10'z
..................................................................... ooy AjLpuoly

(uak) sesuadx3 Anou109|g z_o_:%hwcwmwm__seso
Rz OB oM few (o)
| Bumes ov wuyuod ydeso |, |  sepused | (ud) gz ke 0102 w__u sbeuep | OV 198195
— N

XO] \ aIem)j0g Jusabeueyy sesuadxg AouUjoe|g \O

0Z 'Ol



US 9,423,145 B2

Sheet 19 of 42

Aug. 23, 2016

U.S. Patent

Obl—

60—

m 9JIApPY Julod 8UQ @u

(Rep) Og Gc

0cC

S

A
A

@b‘wmg@

Ll

Lol
i

e
o

RTINS,
fo

A
o
—

E:
R,

BESS0008 I,

o

ajepdn sz Aey
elep ou
Areiued s| aiayl *

(Cuefoosz)
sasuedxg
fyoLnos|3

1oblie] Alyuopy

xusf 6z0'ze

-~

Aeq
< ved)

(xobelony) 0, 22T :

uwoLygel:
Ush / :

Oz OO

| Bumes ov wuyuod |

"awin} uonelado sy} uo
aN J Bulpuadap asealoul Aew Joug %

‘dwia] JIy 9pISINO

awi] uoneladQ
sesuadx3 ANoLI08|3

(uak) sesuadxg AIoLos|g

™ Jes A sholrald

Aeq >
SNoIAdId

uek yGe'yr )
Kdes A

uef 051z

lea A 1sen
4O Yuop swesg
xuaf 6zg'|
LIUO\ Sholaald
usf £10'c
Alypuopy

sosuadxg
ANouo9|3 sAlEIWND

m £co_>_u m)
peN LV

Re|y u

Uuonw
snolrald

)

VA N

ydeis | _

Jepus|e) _

(1) 82 AeN 0102 214 oBeuep | OV BjeS

X@OC]

a.lemyog uswabeue|p sasuadx3 Ao09|3

\O

col

A=

!
001




US 9,423,145 B2

Sheet 20 of 42

Aug. 23, 2016

U.S. Patent

Bl 1—

(“eompyuodauo )

Pan

‘Aloeded Jo Uoys si 19yealq W0
8y} usym pasanpal sl O Jo ebesn [eoljs|3 !

19[In0 8y} Jesu papiaoid Joielaush
uol ewse|d ay) woly pableyossip si uol ewse|d

Ac_mncﬁw r_m:oh ole wmwcmgxm a_o_zom_mv swi] uonelado
paAe|dsip ale Aepo} 1o} sesuadxs AJ1011109|3

‘s|pAg| / oW pabueyo
8g UBD punos BUIA[©08] 8} pue 8210A 80130U 8| H

BuiyoIms

uo| eWSE|q %

sbumes
mecwaxm_ v
Shodaa ] femes | oyogo  waod

usungd @

sjusuoo Bumes
398Ud Ues oA

1o

Bumes

v wayuod | |

¢ obed 1xoN

, ydeio

b Jepusie) _

(ud) ez keN oloz

XOC]

a1emyog Juswabeue |y sasuadxg Aouoe|3

¢¢ 9Old



US 9,423,145 B2

Sheet 21 of 42

Aug. 23, 2016

U.S. Patent

611~

(' sompyjulogeup )

‘peiel

ado Ajpoalioo

ale sasuadxs ANdLO8S JO AB|dSIP pUB UOBAISSS
Jawin yeyy os pajsnipe ale Inoy pue Aep jusiing

198 8! 18]} Jie 8] ueso Aj|eonelioine o} Buiwi |

‘ainjeleduwial
189S oy} 0} paulnjal Apjoinb si ainjeladwal

| v |

Bumes

[ Fwion ] inoppue e

[easu|

E Buiues| Je4

uonoun4
[NLPMOd 0INY T

sasusdxs
Aduosie
Joisooyun “T™

¢ obed XaN

Bumeg

abed g/

afbed shoinald >

‘o4 8yiio
sjusuoo Bumes
308Ud ues NoA

sbumes

ov
wiyuog

| Wwooy-bula oo

oV uyuod | |

ydeio

|

Jepusen / _

(ud) gz Aeln 0102

(o112 oBeuep | OV 103185




US 9,423,145 B2

Sheet 22 of 42

Aug. 23, 2016

U.S. Patent

eccl

el ech

,

acel

N

(ud &)

( so1npy uiod suo Q)

|

ajepdn /2 AelN

| Bumes v wiyuod

ydeio

]

ejep ou
Allerped si a1y *
2, sesuadx3
.:»o: (14 .:»o_._ 142 ._—wo: o4 fyoL308|3
ua .U us
m H 44 H v8 , _‘Nr_mm 1ebue] Ayuopy
| | ||| xuehk szo'ze
:..wﬂ: 0 _m:»o._ 6 1] @ ‘Buidesss Ajiseo woly e pjod @ Ies A snolnalg
UBA 0 mUSA 29 10 11l wiem Jusaaid Jooyly sy yoesl -

H 0} yBnous Buoj pulq pue uleund %
sinoyy |sinoy zz [sdN _
ok 2 [uefosiz ]

H ICEINCER]

JO YJUo\ eweg
sinoy ¥ sinoy 2 1] ueh gLz’
uak ¢g E:w> ¥ jeay JO 1910 pue 19jul 3o0|g Fiww_ﬂwi

.............. adddd
sanoy 9| ush €241 lepusjed
ueh zol Alupuopy i |
_ _ sosuadxgy
3 1 PO ! Ayouos|3 aagenung
A uo uo
@€ ooz O [ CED J(San, )

Jepusjen _

(ud) ez ke oloz

XOIC]

¢ Old




US 9,423,145 B2

Sheet 23 of 42

Aug. 23, 2016

U.S. Patent

ccl 1 X4%

ﬁ

N

|
(eompy uod suo )

anoy oz
ﬂ_% k41

ayepdn sz Aely
ejep ou
Alleiped s alayl

(Cusko002)
sosuadxy
Ayouoa|g

1061e] Alyuop

inoy o
uak o

inoy ¢
uaA zg

[sinoy ¢ oy zz

uak gg|

2l
uo/

isinoy gL
uaf zol

¢

%01} 1NOJE 1By 0s ‘paule)qo si LoJLLIO0D ales sy
‘0.1 Aq Jemo| aq 0} }os si ainjeladwal sy} Jl UsAS
‘s10joiByl 0.l Ag sesealoul sineledwal s|gisuss
Usy} ‘%, Ulelso Ag sasealoul Apiuny USUAA

. ‘paAes aq Ued sosuadxe ApLyose syl o
<

E]

POM ni UoN

*U9A GZ0'zE
19\ Sholaald

ueh 0g/2'0L

Aues A

ush 051°'C

ICEJNCER]
10 YUOJ sweg

*Usk G512

YIUOJ\ SholASId
adddd
ueh gzl
Alypuopy

sasuadxg

lepusje)

AJoUI09|g SAlRINWNYD

QG 0e DO

i)
IO
Aey u ﬁms olARId vu

ﬁA £Ss@ﬁ>
XaN J\ Vv

| Bumes ov wiyuog

ydeio — Jepusjed _

XOIC]




US 9,423,145 B2

Sheet 24 of 42

Aug. 23, 2016

U.S. Patent

alemyog
SIyL inhoqy

212MY0S SIYl =
asn 0] moH €s

A

(ud) 82 AelN 0102 o114 s6euep OV 10sles

XOC]

9¢ Ol



US 9,423,145 B2

Sheet 25 of 42

Aug. 23, 2016

U.S. Patent

CNYCNCEY N Y N

pals|ep
eq 0] |apowl 109|8S

X 9S0|D

(

¢ 1°Pon iy

88l =

-

(ud) gz kepy oloz

o1 eeue | OV 103IeS

X0

L Old



US 9,423,145 B2

Sheet 26 of 42

Aug. 23, 2016

U.S. Patent

cel

Lel

&Wbu e 1eys s|
"paJoISal 8¢ JOUUED Pa)S|ap 99U [9POIA

(x8s010)

..

.

m SHEUNESY
1 wooy-Buiuiqg &

pals|ep
8q 0] |apoul 199|98

I9PON
ST iy

<

-

('1d) gz feiN 0102

sii4 sbeueiy | OV 10919
A\, L

XEC]

a1em)jos uswabeuey sesuadxg AloL3o9Ig J O

8¢ Old

I




US 9,423,145 B2

Sheet 27 of 42

Aug. 23, 2016

U.S. Patent

eel

(ud) gz ke o102

al1emyog
Slyl noqy

-
8|4 ebeuep | OV 108[9S

¥

XEC]

21emyos juswabeuey sesuadx3 AloLyo9|3 / O

6¢ Ol

I



U.S. Patent Aug. 23,2016 Sheet 28 of 42 US 9,423,145 B2

FIG.30

2
/
AC INDOOR UNIT

RTC ~"23

|
MPU BOARD

AIR-
CONDITIONER
OPERATION [{~222a
MODE

MAINTENANCE 4
OPERATION M~22b Z

MODE HUMIDIFIER

RF MODULE (21 IR IR PD
x UNIT

RF

RC —~— 1
\ 2 511 513

RF MODULE IRLED 3
514

PC

512

| | usBs USB
MPU BOARD SOCKET SOCKET

531

515 516 517 18
LCD KEY
UNIT||OPERATING RTC ||IBATTERY
UNIT




U.S. Patent Aug. 23,2016 Sheet 29 of 42 US 9,423,145 B2

FIG.31

Electricity pm 11:35

Expenses

Today:

oty | (T

Tegeray | (Lchea ) (5o
16a

COMMUNICATION
DISABLED

om 11:36 om 11:36
COOLING 28°C COOLING 28°C

Air Swing: Up/ Auto Ener Air Swing: Up/
. ay . Auto Energy
V‘;\lﬂme' ] [D"‘,;“%,';f“’] [ Comfort Saving V(}\Iﬂtmoe' DOVRV%,I,'?W Comfort Saving




U.S. Patent Aug. 23,2016 Sheet 30 of 42 US 9,423,145 B2

FIG.32
om 11:45
COOLING 28°C

Air . Swing: Up/ Auto Ener
V‘Xﬂ;ge' DOVRV%,I{{E ft/ Comfort Savir?g
16a
START
STOP
COMMU- -
NOTICE NICATING =%

TODAY'S OPERATION
Electricity o . .
EXDENses peration T|rr_1e

[ prds yerJ [ 23 h 58 min

After 5.5 sec

STOP

Electricity
Expenses
Today:
297 yen
Yesterday:
186 yen

Pm 11:46

Auto Energy
Comfort Saving




U.S. Patent Aug. 23,2016 Sheet 31 of 42 US 9,423,145 B2

FIG.33

pm 10:05 ' NoTIcE COMML- & 3

NICATING =7

COOLING 28°C TODAY'S OPERATION

Electricity : ;
Air gWi”Q:LUﬁ; Auto Energy Expenses Oplegtfl'logSTrlﬂn?ne
V‘Kﬂ[‘ge' ogi';]me Comfort Saving 297 yen
! I After 5.5 sec

AUTO STOP | START OF MAINTENANCE |

After
5.5 sec -
INNER CLEANING (=T inner Cleaning 1 pm 10: 05
Remaining: @ <:| S Sration Time: -
. 90 min
about 90 min Electricity
Expenses:
Suspend [START/STOP] 2 yen
- NO SUSPENSION

16a~1sT0P

END OF MAINTENANCE l

Inner Cleaning pm 1 1 . 35

Operation Time:
90 min
Electricity
Expenses:

2 yen

< <

Electricity . Electricity .
Expenses pm 1050 Expenses pm 1 1 36
Today: Today:

298 yen

Yesterday: Auto Energy Yesterday: Auto Energy
186 yen Comfort J {_Saving 186 yen Comfort || Saving

299 yen




U.S. Patent Aug. 23,2016 Sheet 32 of 42 US 9,423,145 B2

FIG.34

pm 9:55 162 NOTICE Ay

START TODAY'S OPERATION

COOLING 28°C —

Electricity ; ;
me: | | Dows o || Aute Energy Expenses op%l?trl‘ogs-rrlnr?ne
V%ﬂ{ge. o‘gir;}me Comfort Saving 297 yen
@fter 55 sec

AUTO STOP | START OF MAINTENANCE |
After

55 sec -
INNER CLEANING =T Inner Cleaning 1 pm g-FK
Remaining: W <:| Operation Time: '
. 90 min
about 90 min Electricity
Suspend [START/STOP] 5@3‘”3631
! | After 90 min
END OF MAINTENANCE | | START OF MAINTENANCE |

After

55sec

8 min

90 min

Inner Cleanin . Filter Cleanin .
Operation Tin?e: Pm 11 25 :> Operation Tirr?e: pm 11 25

Electricity
Expenses:
2 yen

Electricity
Expenses:
1 yen

! !After 55 sec

END OF MAINTENANCE | AUTO STOP

After
Filter Cleanin . 10 min ; :
Operation Tin?e: Pm 11:35 Flger C.le.an_mg <§,
Lomn about 8 min
ectricity
Expenses: Suspend [START/STOP]

1yen

Electricit .
Expense):; pm 1 1 36
Today:

300 yen
Yesterday: [ Auto ][ Energy

Comfort Saving

186 yen




U.S. Patent

Aug. 23, 2016

Initial Setting

A
@Installed Position

@Filter Cleaning Interval (Short)

@Day and Hour Setting

\4

(2/3)
Left

Setting of operation interval of
auto filter cleaning

Sheet 33 of 42 US 9,423,145 B2

FIG.35

Short

Normal

Long

Lit up when "Short" is set

Lit up when "Normal" is set

Lit up when "Long" is set




U.S. Patent Aug. 23,2016 Sheet 34 of 42

FIG.36

( START )

US 9,423,145 B2

A

S500

HAS STOP
OPERATION OF AIR-
CONDITIONING OPERATION
BEEN INPUT?

NO

YES §S502 v

§8501

ACQUIRE INFORMATION FOR AIR-
CONDITIONING OPERATION TIME
AND ELECTRICITY EXPENSES
FROM AC INDOOR UNIT

INPUT

WAIT UNTIL STOP OPERATION OF
AIR-CONDITIONING OPERATION IS

NO

IS MAINTENANCE
OPERATION REQUIRED?

YES §S505 v

§S504

CALCULATE MAINTENANCE
OPERATION TIME AND
ELECTRICITY EXPENSES

DISPLAY MAINTENANCE
OPERATION TIME AND
ELECTRICITY EXPENSES

DISPLAY "MAINTENANCE IS
OPERATING" AND "COUNT" OF
REMAINING OPERATION TIME

DISPLAY MAINTENANCE
OPERATION TIME AND ACTUAL
ELECTRICITY EXPENSES AFTER S508
MAINTENANCE OPERATION IS
ENDED

Y
DISPLAY TOTAL OPERATION TIME
AND ELECTRICITY EXPENSES UP
TO END OF MAINTENANCE S509
OPERATION

A 4
END

DISPLAY OPERATION TIME AND
ELECTRICITY EXPENSES FOR AIR-

CONDITIONING OPERATION




U.S. Patent Aug. 23,2016 Sheet 35 of 42 US 9,423,145 B2

FIG.37

2
/
AC INDOOR UNIT

LOUVER ~127

A A

LOUVER LOUVER
261 SENSING | [CHANGING|-1"25

UNIT UNIT
A A
v 4
MPU BOARD 22 £
HUMIDIFIER
RF MODULE 21
7'y IR N IRPD | | .,
> UNIT
RF
RC L1
A 4 511 513
RF MODULE IR LED /3
| <14
12 PC
31
| | usB use P
MPU BOARD 5144 SOCKET SOCKET
MEMORY
515 516 s17 18
LCD KEY
UNIT||OPERATING RTC {[BATTERY
UNIT




U.S. Patent

Aug. 23,2016 Sheet 36 of 42 US 9,423,145 B2

FIG.38
pm 11:45

NORMAL TEMP
AUTO "¢
Volﬁirrne: Auto Energy
Auto Comfort Saving

16¢

Up/Down
Airflow

COMMU- -
OPERATING NICATING =

AU TO NORMAL TEMP
o)
+2°C
Voﬁi:\ﬁe' Auto Energy ]
Auto Comfort Saving

COMMUNICATION:
SUCCESSFUL

Up/Down

Airflow CI

2.5 sec

NORMAL TEMP

AUTO e

Ar Auto Energy ]

Volume: I
Auto Comfort Saving




U.S. Patent Aug. 23,2016 Sheet 37 of 42 US 9,423,145 B2

FIG.39
orerare [

NORMAL TEMP
AUTO "5
e | (Bt e ) S
16¢

Up/Down
Airflow

COMMU- =
OPERATING NICATING &

AUTO NORMAL TEMP
O
+2°C
Air Swing: Up/
v (Bt ot )

COMMUNICATION:
SUCCESSFUL

Up/Down

Airflow

2.5 sec

oreramvo [

NORMAL TEMP
AUTO "
Volltlir;e: g\g\llcr? :Ll;g; Auto Energy ’

Auto Right Comfort Saving




U.S. Patent Aug. 23,2016 Sheet 38 of 42 US 9,423,145 B2

FI1G.40

NORMAL TEMP Up/Down NORMAL TEMP
AUTO "o AUTO "o
+2°C +2°C
Air Swing: Up/ Air Swing: Up/
volure: | Bl A || Saere ::> vt | (Baatic | e || Spoiy
COMMUNI-
CATION:
SUCCESSFUL
16¢c
Up/Down Up/Down
: Up/Down ;
Airflow Airflow
16¢c
Airflow
16¢
Up/Down Up/Down
Airflow

Up/Down Airflow
Airflow

4

16¢c

Up/Down
Airflow

om 11:45 Up/Down
NORMAL TEMP < I
AUTO

le]
+2°C 2.5 sec

Air Swing: Up/ Auto Ener
. qy
[ V?,_\lﬂge' ] [DDVRV{:]#teW] [ Comfort Saving




U.S. Patent Aug. 23,2016 Sheet 39 of 42 US 9,423,145 B2

1-1 (Horizontal)
1-2
1-3
1-4
AC UP/DOWN AIR 1-5
FLOW STATE

1-6
1-7
1-8 (Downward)
Swing

(INITIAL SETTING)

AIR- AIR- AIR- AIR- AIR- AIR- AIR- AIR-

FLOW — FLOW —» FLOW —» FLOW —» FLOW —> FLOW —FLOW —»FLOW

1-1 1-2 1-3 1-4 15 1-6 1-7 1-8

4 I




US 9,423,145 B2

Sheet 40 of 42

Aug. 23, 2016

U.S. Patent

Buimg 1ybrynie

paddolg Buimg

Buims ybrde umoqsdn

(Z leubis Bumes o|buIs)

(8-1 01 |-1)
leubig umoq/dn

MOJHIY umoa/dn

Buimg ubrdne

Buimg umoq/dn

Buims ybrd/e umoqsdn

SpolN BuIms Oy

[euBbig uolssiwsuel |

uonesadQ uonng

o)els buijes buimg

ey Old




U.S. Patent Aug. 23,2016 Sheet 41 of 42 US 9,423,145 B2
2-1 Leftward
2-2 Slightly leftward
AC LEFT/RIGHT AR [2-3 Front side
FLOW STATE 2-4 Slightly rightward
2-5 Rightward
Swing
(INITIAL SETTING)
AIR- AIR- AIR- AIR- AIR-
FLOW —» FLOW —» FLOW —> FLOW —» FLOW
2-1 22 2-3 2-4 2.5

4 |




US 9,423,145 B2

Sheet 42 of 42

Aug. 23, 2016

U.S. Patent

paddolg Buimg

Buimg umoq/dn

Buimg umoq/dn

(Z leubig Bumes s|buIg)
(G-z 01 L-2)
|leubis wbrgase

MOy B /e

Buimg Jubrdne

Buimg umoq/dn

Buims ybrde umoqsdn

SpoN Buims oY

|leubig uoissiwsue. |

uoljeladQ uopng

sje)s buies Buimg

Or Old




US 9,423,145 B2

1
AIR CONDITIONER AND REMOTE
CONTROLLER WITH BIDIRECTIONAL
COMMUNICATION

CROSS-REFERENCE TO RELATED
APPLICATION(S)

This application is based upon and claims the benefit of
priority of the prior Japanese Patent Application No. 2011-
010301, filed on Jan. 20, 2011, Japanese Patent Application
No. 2011-010303, filed on Jan. 20, 2011, Japanese Patent
Application No. 2011-010304, filed on Jan. 20, 2011 and
Japanese Patent Application No. 2011-083990, filed on Apr.
5, 2011, the entire contents of which are incorporated herein
by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an air conditioner includ-
ing an air conditioner body and a remote controller that
controls the operation thereof.

2. Description of the Related Art

For example, Japanese Laid-open Patent Publication No.
01-119197 discloses a remote control system capable of
performing bidirectional communication between a remote-
controller (hereinafter, “RC”) transmitter and a RC receiver,
in which the RC transmitter limits a reception standby state
causing power consumption to a certain period of time right
after transmission, to suppress battery consumption of the
RC transmitter.

However, in the conventional example, although it is
based on the assumption that an operator operates the RC
transmitter for transmission, it is necessary to periodically
exchange information in order to manage operation infor-
mation or the like in the case of the air conditioner. There-
fore, there arises a problem that the exchange of the opera-
tion information or the like cannot be sufficiently performed
by merely allowing the bidirectional communication in the
certain time only when the operator performs the operation
from the RC transmitter.

In addition, for example, Japanese Laid-open Patent Pub-
lication No. 2007-278696 discloses an air conditioner for
performing bidirectional communication between an air
conditioner (hereinafter, “AC”) body and an RC that con-
trols the AC body. This type of conventional technology
includes one in which when an operation stop command is
sent from the RC to the AC body, the AC body stops the
operation and transmits information such as the operation
time and power consumption (electricity expenses) to the
RC, so that the information is notified to a user.

In the AC during a cooling operation, dew drops are easily
formed on a heat exchanger due to a difference between a
room temperature and a temperature of the heat exchanger.
Therefore, if the operation is stopped in this state, an internal
humidity of an indoor unit becomes high, which causes mold
and bad odor. Therefore, some of recent ACs automatically
perform a drying operation in order to dry the dew drops
formed on the heat exchanger or the like after the cooling
operation is stopped.

A filter is provided in the indoor unit of the ACs so that
dirt and dust in the air do not enter an air-intake, and some
of the ACs have a function of automatically cleaning the
filter when the operation is stopped after the operation time
reaches a predetermined integrated operation time.

In this manner, the conventional air conditioner automati-
cally starts a maintenance operation (drying operation and
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filter cleaning) separately from its stop operation performed
by the user when the AC satisfies predetermined conditions,
and thus only the operation time and the power consumption
(electricity expenses) when an operator performs the stop
operation are displayed. Therefore, there remains a problem
that the time and power consumption required for the
maintenance operation and the power consumption required
for the air-conditioning operation and the maintenance
operation are not correctly notified to the user because the
operation time and the power consumption required for the
maintenance operation are not displayed and the operation
time and the power consumption obtained by integrating the
air-conditioning operation and the maintenance operation
are not also displayed.

Furthermore, for example, Japanese Laid-open Patent
Publication No. 2004-61005 discloses an air conditioner in
which a RC can control a direction of an air flow direction
adjustment plate (louver) provided in an air outlet of an AC
body. This type of air conditioner controls a position of the
louver by sending a control signal from the RC to the AC
body. Therefore, the direction of the louver displayed on the
RC indicates a direction specified by the RC.

However, the AC capable of cooling operation and heat-
ing operation has a different movable range of an up/down
air flow direction adjustment flap (up/down louver) between
during the cooling operation (mainly horizontal direction)
and during the heating operation (mainly downward direc-
tion). Therefore, if the AC is operated in automatic operation
mode, the direction (air flow position) of the up/down louver
is automatically changed each time the operation is switched
to the heating operation or to the cooling operation accord-
ing to the room temperature.

Moreover, in an AC with a dew-drop control operation
function for preventing dew drops during cooling operation,
the direction of a louver is sometimes automatically changed
to an air flow position for dew-drop control even if the
direction of the louver is specified. Thus, there remains a
problem that, in the automatic operation mode or the dew-
drop control operation, the direction of the louver initially
set by the RC and displayed thereon is different from an
actual direction of the louver of the AC, so that the operator
cannot recognize the direction of the louver of the AC body
at the time of changing the air flow.

SUMMARY OF THE INVENTION

It is an object of the present invention to at least partially
solve the problems in the conventional technology.

According to an aspect of the present invention, there is
provided an air conditioner including: an air conditioner
body; and a remote controller that controls the operation of
the air conditioner body, wherein the air conditioner body
includes a body receiver that receives a control signal for
controlling the operation from the remote controller, and a
body transmitter that transmits operation information for the
air conditioner body to the remote controller, and the remote
controller includes a remote-controller transmitter that trans-
mits a control signal for controlling the operation to the air
conditioner body, a remote-controller receiver that receives
the operation information transmitted from the air condi-
tioner body, and a power-saving standby unit that sets the
remote-controller receiver as a reception standby state when
a request signal to request operation information is trans-
mitted from the remote controller to the air conditioner body
at each predetermined time interval, and that releases the
reception standby state after a given time has passed.
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According to another aspect of the present invention,
there is provided an air conditioner including: an air condi-
tioner body that performs maintenance operation after air-
conditioning operation; and a remote controller that controls
the operation of the air conditioner body, wherein the air
conditioner body includes a body receiver that receives a
control signal for controlling the operation from the remote
controller, and a body transmitter that transmits operation
information for the air conditioner body to the remote
controller, and the remote controller includes a remote-
controller transmitter that transmits a control signal for
controlling the operation to the air conditioner body, and a
remote-controller receiver that receives operation informa-
tion for the air conditioner body transmitted from the air
conditioner body, and when an instruction is transmitted
from the air conditioner body to the remote controller so as
to be in a reception standby state after a predetermined time
has passed, the remote controller is in the reception standby
state after the predetermined time.

According to still another aspect of the present invention,
there is provided an air conditioner including: an air condi-
tioner body that performs maintenance operation after air-
conditioning operation; and a remote controller that controls
the operation of the air conditioner body, wherein the air
conditioner body includes a body receiver that receives a
control signal for controlling the operation from the remote
controller, a body transmitter that transmits operation infor-
mation for the air conditioner body to the remote controller,
and a calculator that calculates an operation time and power
consumption for the air-conditioning operation and the
maintenance operation of the air conditioner body, and the
remote controller includes a remote-controller transmitter
that transmits a control signal for controlling the operation
to the air conditioner body, a remote-controller receiver that
receives operation information for the air conditioner body
transmitted from the air conditioner body, and a display unit
that displays the operation information received by the
remote-controller receiver, and when the remote-controller
transmitter transmits a control signal for stopping the opera-
tion to the air conditioner body, the body receiver receives
the control signal, and the calculator calculates an operation
time and power consumption required for the air-condition-
ing operation and the maintenance operation, and when the
body transmitter transmits calculated operation time and
power consumption as operation information, the remote-
controller receiver receives and displays the operation infor-
mation on the display unit.

According to still another aspect of the present invention,
there is provided an air conditioner including: an air condi-
tioner body that can change a direction of a louver; and a
remote controller that changes an air flow position of the
louver in the air conditioner body, wherein the air condi-
tioner body includes a body receiver that receives a control
signal for controlling the air conditioner body from the
remote controller, and a body transmitter that transmits
information for a current air flow position of the louver
based on the control signal received by the body receiver,
and the remote controller includes a control signal generator
that generates the control signal for controlling the air
conditioner body, a remote-controller transmitter that trans-
mits the control signal to the air conditioner body, a remote-
controller receiver that receives the information for air flow
position of the louver transmitted from the air conditioner
body, and a display unit that displays the current air flow
position of the louver based on the information for the air
flow position of the louver received by the remote-controller
receiver.
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The above and other objects, features, advantages and
technical and industrial significance of this invention will be
better understood by reading the following detailed descrip-
tion of presently preferred embodiments of the invention,
when considered in connection with the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagram of a relationship among an air
conditioner body and a RC according to one embodiment of
the present invention, a humidifier, and an externally con-
nected device;

FIG. 2 is a block diagram of a schematic configuration
among an air conditioner body and a RC according to a first
embodiment, a humidifier, and an externally connected
device;

FIG. 3 is a plan view of the RC of the air conditioner
according to the present embodiment;

FIG. 4 is a sequence diagram of a pairing setting operation
performed between the RC and AC according to the present
embodiment;

FIG. 5 is a diagram of one example of AC model
information that can be received during the pairing setting in
FIG. 4;

FIG. 6 is a diagram of one example of AC model
information minimum required for the pairing setting in
FIG. 4;

FIG. 7 is a communication sequence diagram when log
information is exchanged between the RC and the AC after
the pairing setting according to the present embodiment;

FIG. 8 is a diagram of a change in operation status of the
AC through the key operation and the setting of a timer in
the RC;

FIG. 9 is a flowchart of an operation when a request signal
of operation information is transmitted from the RC to the
AC;

FIG. 10 is a flowchart of an operation when a control
signal for controlling the operation from the RC to the AC;

FIG. 11 is a flowchart of an operation when a human
sensor of the AC detects the absence of a human body;

FIG. 12 is a flowchart of an operation when an instruction
to set a reception standby state is transmitted from the AC to
the RC;

FIG. 13 is a communication sequence diagram when log
information is exchanged between the RC and PC according
to the present embodiment;

FIG. 14 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 15 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 16 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 17 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 18 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 19 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;
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FIG. 20 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 21 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 22 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 23 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 24 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 25 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 26 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 27 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 28 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 29 is a diagram of a PC screen example through
which the PC manages operation information for the AC
based on the acquired log information;

FIG. 30 is a block diagram of a schematic configuration
among an air conditioner body and a RC according to a
second embodiment, a humidifier, and an externally con-
nected device;

FIG. 31 is a diagram of a display example when a start
operation is performed from the RC to the air conditioner
body during the stop of operation;

FIG. 32 is a diagram of a display example when a stop
operation is performed from the RC to the air conditioner
body during operation;

FIG. 33 is a diagram of a display example when the stop
operation is performed from the RC to the air conditioner
body during operation and then an inner cleaning operation
is performed;

FIG. 34 is a diagram of a display example when the stop
operation is performed from the RC to the air conditioner
body during operation and then an inner cleaning operation
and a filter cleaning operation are performed;

FIG. 35 is a diagram of a display example when setting of
a filter cleaning interval is changed based on the electricity
expenses for the filter cleaning operation displayed on the
RC.

FIG. 36 is a flowchart of the operation of the air condi-
tioner according to the present embodiment;

FIG. 37 is a block diagram of a schematic configuration
among an air conditioner body and a RC according to a third
embodiment, a humidifier, and an externally connected
device;

FIG. 38 is a diagram of a display example when an
up/down airflow key of the RC is depressed in order to
control the air conditioner body during automatic operation;

FIG. 39 is a diagram of a display example when the
up/down airflow key of the RC is depressed in order to
control the air conditioner body during swinging up/down in
automatic operation mode;

FIG. 40 is a diagram of a display example when the
up/down airflow key of the RC is depressed in order to
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control the air conditioner body during swinging up/down
and left/right in the automatic operation mode;

FIG. 41 is a diagram of an up/down air flow state of the
AC;

FIG. 42 is a diagram of a sequence of changing the setting
of an up/down air flow position;

FIG. 43 is a diagram of how to release the swing setting
through the operation of the up/down airflow key;

FIG. 44 is a diagram of a left/right air flow state of the AC;

FIG. 45 is a diagram of a sequence of changing the setting
of a left/right air flow position; and

FIG. 46 is a diagram of how to release the swing setting
through the operation of the left/right airflow key.

DESCRIPTION OF THE EMBODIMENTS

Exemplary embodiments of the present invention will be
described below with reference to the accompanying draw-
ings.

First Embodiment
Description of Configuration

FIG. 1 is a diagram for explaining a relationship among
an air conditioner body and a RC according to one embodi-
ment of the present invention, a humidifier, and an externally
connected device. FIG. 2 is a block diagram of a schematic
configuration among the air conditioner body, the RC, the
humidifier, and the externally connected device in FIG. 1.
FIG. 3 is a plan view of the RC of the air conditioner
according to the present embodiment.

As illustrated in FIG. 1, the air conditioner according to
the present embodiment is formed with an AC indoor unit 2
being an air conditioner body, a RC 1, and an outdoor unit
(not illustrated). A remote operation and various settings are
performed from the RC 1 to the AC indoor unit 2 using
bidirectional communication through radio frequency (RF)
modules. When the RC 1 acquires various operation infor-
mation from the AC indoor unit 2, the information is
displayed on a display unit of the RC 1, to be used for
operation control and various settings. The RC 1 according
to the present embodiment has a wired connection with a
personal computer (PC) 3 through a universal serial bus
(USB) connection terminal being an external connection
terminal to transmit the acquired various operation informa-
tion thereto, so that the PC 3 can manage the operation
information. The RC 1 according to the present embodiment
can remotely operate a humidifier 4 or the like being a unit
to be operated other than the AC indoor unit 2 using infrared
light-emitting diode (IR LED) being an infrared transmitter.

Each schematic configuration of the RC 1, the AC indoor
unit 2 being the air conditioner body, the PC 3 connected to
the RC 1 through the USB connection terminal, and of the
humidifier 4, which are configured as illustrated in FIG. 1,
will be explained with reference to FIG. 2. The RC 1
includes an RF module 11 being a RC transmitter and a RC
receiver including a transceiver and an antenna for perform-
ing bidirectional wireless communication with the AC
indoor unit 2, a USB socket 12 for USB connection with the
PC 3 that manages information, an IR LED 13 that transmits
a command to the humidifier 4 through an infrared (IR)
diode to control the humidifier 4, and an MPU board 14 that
mounts thereon a microprocessor unit (MPU) including a
memory that stores therein data such as the various types of
operation information received from the AC indoor unit 2
for a given period (here, 40 days) and controlling the units
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of the RC 1. The MPU board 14 includes a power-saving
standby unit 144 that sets the RF module 11 to a reception
standby state when a request signal for requesting operation
information is transmitted from the RC 1 to the AC indoor
unit 2 at each predetermined time interval, and that releases
the reception standby state after a given time has passed. The
MPU board 14 also includes a reception-time limiting unit
145 that sets the RF module 11 to the reception standby state
when a control signal is transmitted from the RF module 11
of the RC 1, and that releases the reception standby state
after a given time has passed. The MPU board 14 further
includes a timer setting unit 14¢ that transmits an operation
stop signal to the AC indoor unit 2 after a set period of time
in the RC 1 has passed. When the operation stop signal is
transmitted to the AC indoor unit 2, the MPU board 14 sets
the RF module 11 to the reception standby state, and the
reception-time limiting unit 145 releases the reception
standby state after a given time has passed. The RC 1
includes a liquid-crystal display (LCD) unit 15 being a
display unit for displaying control information of the RC 1
and operation information (operation time and power con-
sumption, etc.) and control information of the AC indoor
unit 2, a key operating unit 16 through which an operation-
target device is controlled, a real time clock (RTC) 17
dedicated to measurement of time for time management, and
a battery 18 for supplying power to the units of the RC 1.

As illustrated in FIG. 2, the AC indoor unit 2 includes a
RF module 21 being a body receiver and a body transmitter
for performing bidirectional wireless communication with
the RF module 11 of the RC 1, and an MPU board 22
mounting thereon an MPU that controls the units of the AC
indoor unit 2 based on commands from the RC 1 received by
the RF module 21, collects the operation information for the
AC indoor unit 2, and calculates operation time and power
consumption (electricity expenses), and that includes
memory for storing thereon data for a given period (here, for
10 days). The AC indoor unit 2 also includes a human sensor
24 that detects a human body, and an RTC 23 dedicated to
measurement of time for time management in the AC indoor
unit 2.

As illustrated in FIG. 2, the PC 3 includes a USB socket
31 for connecting a USB cable to the USB socket 12 of the
RC 1. The PC 3 installs operation-information management
software to thereby enable data transmission/reception upon
USB connection, periodical collection of operation infor-
mation from the AC indoor unit 2 through the RC 1, and
continuous control of the operation on the PC screen.

As illustrated in FIG. 2, the humidifier 4 includes an
infrared proximity detector (IR PD) unit 41 for receiving an
infrared signal transmitted from the IR LED 13 of the RC 1.
The RC 1 can control the humidifier 4 using this infrared
signal (command).

As illustrated in FIG. 3, the RC 1 for controlling the
operation of the air conditioner includes the LCD unit 15
formed from a liquid-crystal display portion for displaying
operation information (direction of a louver, contents of
operation, operation time, and power consumption, etc.) and
control information, and the key operating unit 16 for
controlling the operation of the AC indoor unit 2. The key
operating unit 16 is provided with a Start/Stop key 16a for
controlling operation start and operation stop of the AC
indoor unit 2, and also with an OK key 165 required for start
of pairing.

The air conditioner according to the present embodiment
is formed with the RC 1 and the AC indoor unit 2, and
performs bidirectional wireless communication using the RF
modules therebetween. Therefore, if a different model of AC
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is provided close to the air conditioner, an operation-target
device cannot be discriminated from the other, and thus the
air conditioner requires previous pairing setting.

Pairing Setting

FIG. 4 is a sequence diagram of a pairing setting operation
performed between the RC and the AC according to the
present embodiment. FIG. 5 is a diagram of one example of
AC model information that can be received during the
pairing setting in FIG. 4. FIG. 6 is a diagram of one example
of AC model information minimum required for the pairing
setting in FIG. 4.

First, when registration setting of the RC 1 is selected or
when a pairing partner of the RC 1 is not stored on a
nonvolatile memory (not illustrated, hereinafter,
“EEPROM”) mounted on the MPU board 14 of the RC 1
(when “Not registered” is displayed on the LCD unit 15), a
mode is shifted to an RC registration setting mode, and a
pairing screen is displayed, where a sequence to perform
pairing with the AC indoor unit 2 appears. Likewise, when
a pairing partner of the AC indoor unit 2 is not also
registered, this is indicated by a lamp (not illustrated)
provided in the AC indoor unit 2. As illustrated in FIG. 4,
when the operator depresses a pairing button (not illustrated)
provided in the AC indoor unit 2, a pairing execution status
is indicated with sound of a buzzer and with blinking of the
lamp, a pairing request signal of the AC indoor unit 2 is sent
to the RF module 21, and the pairing is started (Step S60).

During displaying the pairing screen on the LCD unit 15
of the RC 1, by concurrently depressing the Start/Stop key
16a of the key operating unit 16 of the RC 1 illustrated in
FIG. 3 and the OK key 164 provided inside an operation
cover, the pairing request signal is sent to the RF module 11,
and the pairing is started (Step S61). “Pairing is being
registered” is displayed on the LCD unit 15 of the RC 1.
Here, communication for the pairing is performed between
the RF modules 11 and 21 (Step S62), and after it is checked
whether these are models whose pairing can be registered
(Step S63), a pairing complete signal indicating completion
of the pairing of the RF modules is transmitted from the RF
module 21 to the MPU board 22 (Step S64), and the pairing
complete signal indicating completion of the pairing of the
RF modules is transmitted from the RF module 11 to the
MPU board 14 (Step S65).

Then, an AC model information request is transmitted as
general data from the RC 1 to the AC indoor unit 2 (Step
S66). At this time, a signal indicating the AC model infor-
mation that can be received from the AC indoor unit 2
includes, as illustrated in FIG. 5, a series name (Z/S),
manufacturing year of the indoor unit (A to Z), a character
string (model name: within 16 characters), a derivative
model (1), and an AC ID (MAC address). When receiving
the AC model information request by the AC indoor unit 2,
the RF module 21 of the AC indoor unit 2 transmits a
general-data transmission complete signal to the RC 1 to
notify the RC 1 that the transmission has been successful
(Step S67). The MPU board 14 of the RC 1 switches the RF
module 11 to the reception mode (Step S68).

Subsequently, the MPU board 22 of the AC indoor unit 2
transfers the model information of the AC to the RC 1 (Step
S69). When the RC 1 receives the model information of the
AC indoor unit 2, the RF module 11 transmits an informa-
tion transfer complete signal to the AC indoor unit 2, to
notify the AC indoor unit 2 that the transmission has been
successful (Step S70).
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When acquiring the AC model information, the RC 1
notifies the RF module 11 that the reception mode is
canceled (Step S71), and receives a reception mode com-
plete signal (Step S72).

The MPU board 14 of the RC 1 determines whether the
AC indoor unit 2 for setting the pairing is the corresponding
model, based on the acquired AC model information. When
the AC indoor unit 2 is the corresponding model and the
received signal includes at least the signal illustrated in FIG.
6, the MPU board 14 of the RC 1 transmits the general data
for the successful pairing to the AC indoor unit 2 (Step S73).
When receiving the general data for the successful pairing,
the RF module 21 of the AC indoor unit 2 notifies the RC 1
that the transmission of the general data is completed
(transmission has been successful) (Step S74). The MPU
board 14 of the RC 1 displays the success of the pairing on
the LCD unit 15 for 5.5 seconds, and the operator selects “Z”
or “S” according to the series name, so that the contents of
the selected model are written to the EEPROM.

Meanwhile, when it is determined that the AC indoor unit
2 for performing the pairing setting is not the corresponding
model, or when the received AC model information is any
information other than the signal illustrated in FIG. 6, the
MPU board 14 of the RC 1 transmits general data for
unsuccessful pairing to the AC indoor unit 2 (Step S75).
When receiving the general data for unsuccessful pairing,
the RF module 21 of the AC indoor unit 2 notifies the RC 1
that transmission of the general data is completed (Step
S76). The MPU board 14 of the RC 1 displays the unsuc-
cessful pairing on the LCD unit 15 for 5.5 seconds, performs
a pairing clearing process (Step S77), and receives notifi-
cation that the pairing clearing process is completed (Step
S78).

In the case of the unsuccesstul pairing, the MPU board 22
of the AC indoor unit 2 also performs a pairing clearing
process (Step S79), and receives notification that the pairing
clearing process is completed (Step S80). The pairing setting
is ended in this manner.

Between the RC 1 and the AC indoor unit 2 which end the
pairing setting, operation control and various settings are
performed from the RC 1 to the AC indoor unit 2 and the RC
1 requests an operation status log (history) stored in the AC
indoor unit 2 according to the following communication
sequence, thus acquiring the log.

Communication Sequence Between AC and RC

FIG. 7 is a communication sequence diagram when log
information is exchanged between the RC and the AC after
the pairing setting according to the present embodiment. The
RC 1 requests the operation status log from the AC indoor
unit 2 every day at fixed time, to perform a collecting
operation.

First, as illustrated in FIG. 7, when the time reaches fixed
time (here, AM 0:30) based on the RTC 17, the MPU board
14 of the RC 1 transmits a log request to the MPU board 22
of the AC indoor unit 2 through the RF modules 11 and 21
(Step S81). The RC 1 transmits the log request and then
waits for the log data sent from the AC indoor unit 2. When
the log is not received after a predetermined time has passed
during waiting for the log, the RC 1 determines this as a
reception error due to reception time-out, ends the waiting
for reception of the log, and ends the log collection on that
day. Because the EEPROM of the MPU board 22 of the AC
indoor unit 2 has a capacity such that logs for the AC
operation status for 10 days at maximum can be stored, even
if the reception error occurs, the logs are collectively trans-
ferred when the next log can be received.
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As illustrated in FIG. 7, when sequentially receiving the
log data from the AC indoor unit 2 (Steps S82, S83, .. .),
the RC 1 stores the log data in the EEPROM of the MPU
board 14 at each time. A method of storing logs is imple-
mented in such a manner that when the EEPROM has any
area where data is not stored, the log is written to the area,
while when the EEPROM has no area where data is not
stored, the log is overwritten to the write area of the oldest
log, and is stored therein. When receiving the end of log
indicating the end of log data from the AC indoor unit 2
(Step S84), the RC 1 completes acquisition of the logs.

Between the RC 1 and the AC indoor unit 2, the RC 1
transmits an operation control command to the AC indoor
unit 2 at any time other than the fixed time, and acquires the
operation status log from the AC indoor unit 2, so that the
acquired operation status log can be displayed on the LCD
unit 15 of the RC 1.

Setting of RF Module to Reception Standby State for
Given Time

FIG. 8 is a diagram of a change in operation status of the
AC through the key operation and the setting of a timer in
the RC, and FIG. 9 is a flowchart of an operation when a
request signal of operation information is transmitted from
the RC to the AC. FIG. 10 is a flowchart of an operation
when a control signal for controlling the operation from the
RC to the AC, and FIG. 11 is a flowchart of an operation
when a human sensor of the AC detects the absence of a
human body.

FIG. 8 to FIG. 11 explain various conditions for a case
where the RF module 11 being the RC receiver of the RC 1
is set to the reception standby state only for a given time. If
the RC 1 is always kept in the reception standby state, a
battery drains quickly, and therefore it is necessary to have
a plurality of conditions to set the RC to the reception
standby state and uses them according to the situations.

In the case of FIG. 9, because the RF module 11 is
activated when a request signal for requesting the operation
information that the AC indoor unit 2 obtains is transmitted
from the RC 1 to the AC indoor unit 2, the reception standby
state is kept only for a given time since the transmission of
the request signal.

First, the RC 1 determines whether the request signal for
requesting operation information that the AC indoor unit 2
obtains has been transmitted from the RC 1 to the AC indoor
unit 2 (Step S100). When the request signal has not been
transmitted (No at Step S100), the RC 1 waits until the
request signal is transmitted (Step S101).

Subsequently, when the RC 1 transmits the request signal
for requesting the operation information of the AC indoor
unit 2 (Yes at Step S100), the power-saving standby unit 14a
of the MPU board 14 sets the RF module 11 to a reception
standby state (Step S102), keeps the reception standby state
until the given time has passed (Step S103), and releases the
reception standby state after the passage of the given time
(Step S104).

In this manner, an interval or the like of transmitting the
request signal of the operation information from the RC 1 to
the AC indoor unit 2 can be freely set, the transmission
interval of the request signal and the length of the time
during which the reception standby state is continued can be
adjusted while balancing the necessity of bidirectional com-
munication with the power saving of the RC. The request
signal can be transmitted at a preset time or at each prede-
termined time interval without operator’s operation of the
RC unlike the case of transmitting the control signal. In the
present embodiment, the reception standby state is intermit-
tently set by using the time of transmitting the control signal,
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the time of transmitting the operation stop signal, or the time
of count-up of an OFF timer based on the time of transmit-
ting the request signal of the operation information, so that
the power saving can be achieved more easily than in the
case where the reception standby state is always on.

In FIG. 10, the RC 1 determines whether the control
signal for controlling the operation has been transmitted
from the RC 1 to the AC indoor unit 2 (Step S200). When
the control signal has not been transmitted (No at Step
S200), the RC 1 waits until the control signal is transmitted
(Step S201).

When the control signal for controlling the operation is
transmitted from the RC 1 to the AC indoor unit 2 (Yes at
Step S200), the reception-time limiting unit 145 of the MPU
board 14 sets the RF module 11 to the reception standby
state (Step S202), keeps the reception standby state until the
given time has passed (Step S203), and releases the recep-
tion standby state after the passage of the given time (Step
S204).

As explained above, the setting of the RF module 11 to the
reception standby state at the time of transmitting the control
signal is useful for the case where the RC 1 performs the
operation on the AC indoor unit 2 independently from user’s
operation.

FIG. 8 represents, for example, a case where the OFF
timer is set and the operation stop signal is transmitted to the
AC indoor unit 2 when the time of the OFF timer is up.
When the timer setting unit 14¢ of the MPU board 14
transmits the operation stop signal to the AC indoor unit 2
after a period of time set in the timer has passed, the
reception-time limiting unit 146 of the MPU board 14 in the
RC 1 sets the RF module 11 to the reception standby state
and releases the reception standby state after the passage of
the given time. The operation stop signal is a kind of control
signal, and therefore it is processed similarly to the control
signal.

Furthermore, the AC indoor unit 2 includes the human
sensor 24 for detecting a human body, and stops the opera-
tion of the AC indoor unit 2 after the timer is counted for a
predetermined time since the detection of the absence of the
human body. Thereafter, when having received the control
signal or the request signal from the RC 1, the AC indoor
unit 2 sets this step as Step S304. Referring to FIG. 11, the
AC indoor unit 2 determines whether the human sensor 24
thereof has detected the absence of the human body (Step
S300). If the absence cannot be detected, the AC indoor unit
2 waits until the absence of the human body is detected (Step
S301).

When the human sensor 24 has detected the absence of the
human body (Yes at Step S300), the MPU board 22 of the
AC indoor unit 2 uses the RTC 23 to count the timer (Step
S302), and stops the operation of the AC indoor unit 2 after
the count-up (Step S303). Then, after the reception at Step
S304, the AC indoor unit 2 transmits the operation infor-
mation to the RC 1 (Step S305).

In this manner, by setting the RC to the reception standby
state for a given time in synchronization with the time of
performing communication between the RC 1 and the AC
indoor unit 2 (the time of transmitting the signal from the
RC), the operation information or the like can be transferred
from the AC indoor unit 2 to the RC 1. In addition, the power
of the RF module 11 in the RC 1 is turned off at any time
other than the time of performing communication between
the RC 1 and the AC indoor unit 2, and this enables power
saving. It should be noted that the power-saving standby unit
14a and the reception-time limiting unit 145 may be the
same as each other.
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Here, the power-saving standby unit 14a and the recep-
tion-time limiting unit 145 may be the same as each other,
and, in this case, the RF module 11 is simply set to the
reception standby state for a given time based on either one
of the request signal and the control signal. Moreover,
instead of setting the RF module 11 to the reception standby
state only when the request signal or the control signal is
transmitted, the RF module 11 may be set to the reception
standby state based on an instruction from the AC indoor
unit 2. Specifically, when communication is performed
between the RC 1 and the AC indoor unit 2, a predetermined
set period of time or a predetermined set time is transmitted
from the AC indoor unit 2 to the RC 1, and when the RC 1
has reached the set period of time or the set time, the RC 1
has only to be in the reception standby state.

For example, as illustrated in FIG. 3, a filter cleaning key
for cleaning an air filter as one of maintenance operations of
the AC indoor unit 2 is provided in the key operating unit 16
of the RC 1 according to the present embodiment. There is
Inner Cleaning as one of the maintenance operations of the
AC in a setting confirmation screen of the AC indoor unit 2
illustrated in FIG. 22 explained later, and “Inside of the
indoor unit (heat exchanger, fan) is dried after cooling or
dehumidifying operation is stopped to prevent mildew and
bacteria” is described therein. Moreover, there is Filter
Cleaning Interval as one of the maintenance operations of
the AC in the setting confirmation screen of the AC indoor
unit 2 illustrated in FIG. 23 explained later, and “Timing to
automatically clean the air filer is set” is described therein.
As explained above, in the AC indoor unit 2 according to the
present embodiment, a case where the AC indoor unit 2
automatically shifts to the maintenance operation after the
stop of the AC operation (cooling, dehumidifying operation,
or so) without operation of the RC 1 is considered. There-
fore, because the operation information or the like needs to
be transferred from the AC indoor unit 2 to the RC 1 at the
time of stopping the operation of the AC indoor unit 2, the
RC is set to the reception standby state for a given time.
However, in the case of the maintenance operation of the AC
indoor unit 2, the AC indoor unit 2 automatically determines
to start the operation without receiving the instruction from
the RC 1. Therefore, it is difficult for the RC to be set to the
reception standby state for a given time in synchronization
with an end time of the maintenance operation irrespective
of the contents and the time of the maintenance operation.
Therefore, in the present embodiment, a case of the main-
tenance operation will be explained as one example that the
RC 1 is set to the reception standby state for a given time
based on the instruction sent from the AC indoor unit 2.

FIG. 12 is a flowchart of an operation when an instruction
to set a reception standby state from the AC to the RC. First,
the stop of the AC operation (cooling, dehumidifying opera-
tion, or so) of the AC indoor unit 2 is due to the instruction
from the RC 1, and therefore the RC is in the reception
standby state for a given time. Here, when the state auto-
matically shifts from the operation stop of the AC to the
maintenance operation, the AC indoor unit 2 transmits an
implementation status of the maintenance operation and a
time required for the maintenance operation to the RC 1.
Thus, the power for the RF module 11 is turned off instead
of setting the RC 1 to the reception standby state during the
maintenance operation, which enables power saving. Then,
by setting the RC 1 to the reception standby state for a given
time in synchronization with the end time of the mainte-
nance operation, the AC indoor unit 2 can transfer the
operation information containing the maintenance operation
to the RC 1. In this manner, when the instruction to set the
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reception standby state has been sent from the AC indoor
unit 2 to the RC 1 after the predetermined time has passed
(Yes at Step S400), the process proceeds to next Step S402,
while when the instruction to set the reception standby state
has not been sent (No at Step S400), the RC 1 waits until the
instruction for reception standby state arrives (Step S401).

When receiving the implementation status of the mainte-
nance operation and the time required for the maintenance
operation from the AC indoor unit 2, the RC 1 may display
the time required for the maintenance and the contents of the
maintenance on the LCD unit 15. In the case of displaying
the maintenance time on the LCD unit 15, the RTC 17 of the
RC 1 may count down the maintenance time and the
countdown may be displayed. The MPU board 14 of the RC
1 determines whether the predetermined maintenance time
(set period of time, set time) has passed using the RTC 17
(Step S402). When the predetermined time has passed (Yes
at Step S402), the RF module 11 of the RC 1 is set to the
reception standby state (Step S403). Here, the predetermined
time can also be set to a period the same as the maintenance
time, however, an error may occur between the RTC 23 of
the AC indoor unit 2 and the RTC 17 of the RC 1. Therefore,
actually, it is desirable to move the RF module 11 of the RC
1 to the reception standby state a few seconds to a several
tens of seconds before the maintenance time ends.

When the RC 1 is set to the reception standby state in the
above manner, the AC indoor unit 2 calculates electricity
expenses or the like required for the maintenance operation
after the maintenance is finished, and transmits the calcu-
lated electricity expenses as the operation information to the
RC 1. When receiving the operation information from the
AC indoor unit 2 (Step S404), the RC 1 can display the
operation information on the LCD unit 15. The reception-
time limiting unit 146 of the MPU board 14 in the RC 1
releases the reception standby state after the predetermined
time has passed since the setting of the RF module 11 to the
reception standby state (Step S405).

If the time required for the maintenance operation is
prolonged based on the determination by the AC indoor unit
2, the AC indoor unit 2 transmits electricity expenses
required so far, the prolonged time for the maintenance, or
another maintenance operation and the time required for the
maintenance operation to the RC 1. When receiving these
pieces of operation information, the RC 1 again continues to
count the timer based on the information, and moves the
state to the reception standby state before the prolonged time
passes. In the case of the maintenance operation or the like
in which the AC indoor unit 2 automatically determines and
starts the operation, it is not known when the RC 1 is set to
the reception standby state, and therefore the RC 1 is set to
the reception standby state based on the instruction sent
from the AC indoor unit 2. In the present embodiment, the
maintenance operation has been explained as one example
of setting the RC 1 to the reception standby state based on
the instruction sent from the AC indoor unit 2, however, the
present invention is not always limited thereto.

Communication Sequence Between RC and PC

The RC 1 according to the present embodiment includes
the USB socket 12 being an external connection terminal
connecting to the PC 3 that can manage operation informa-
tion for the AC indoor unit 2. Therefore, the RC 1 and the
PC 3 are USB-connected, which enables the operation
information for the AC indoor unit 2 to be collected to the
PC 3 through the RC 1 and enables the PC 3 to manage the
operation information for the AC indoor unit 2.

FIG. 13 is a communication sequence diagram when log
information is exchanged between the RC and PC according
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to the present embodiment. The logs of the operation status
of the AC stored in the EEPROM of the MPU board 14 in
the RC 1 are transmitted to the PC 3 according to the
communication sequence between the AC indoor unit 2 and
the RC 1. The EEPROM of the MPU board 14 in the RC 1
has a capacity such that the logs received from the AC can
be stored for 40 days at maximum.

First, when the RC 1 and the PC 3 are USB-connected to
each other, a series of processes (enumeration) until com-
munication becomes possible by the USB driver is per-
formed, and completion of the enumeration allows commu-
nication between the RC 1 and the PC 3 (Step S85). During
the enumeration, an indication of “Connection detected:
USB-connected” is displayed on the LCD unit 15 of the RC
1.

When the enumeration is completed, the PC 3 requests the
AC information from the RC 1 (Step S86). The RC 1
responds to the request and transmits the AC information
stored in the EEPROM of the MPU board 14 to the PC 3
(Step S87). The AC information includes a product name of
an AC, a series name, a performance range, manufacturing
year of the indoor unit, a voltage to be used, an AC MAC
address, room information, and a RC type.

The PC 3 checks the received AC information against the
managed AC information, and identifies to which of ACs the
received AC information corresponds. When a plurality of
ACs are managed by the PC 3, it is necessary to check to
which of the ACs the received AC information corresponds.

Then, the PC 3 requests AC-operation setting information
from the RC 1 in order to load the operation setting
information (Step S88). The RC 1 responds to this request
and transmits the AC-operation setting information stored in
the EEPROM of the MPU board 14 to the PC 3 (Step S89).
The AC-operation setting information includes information
regarding a volume level, presence or absence of voice,
switching to an energy saving function (human sensor),
presence or absence of an inner cleaning function, a time for
maintenance, presence or absence of an energy saving fan,
presence or absence of an auto powerful function, and
current switching.

Subsequently, the PC 3 requests a log from the RC 1 in
order to load the log (Step S90). The RC 1 responds to this
log request from the PC 3 and transmits the log data thereto
(Step S91). The PC 3 and the RC 1 repeat a request for next
data and transmission of log data (Steps S92, S93, S94)
respectively. The RC 1 transmits “End of log” to the PC 3
when no log data to be transmitted remains (Step S95), and
the log loading process is thereby completed in the PC 3.
Thereafter, the USB connection for connecting the PC 3 and
the RC 1 is disconnected (Step S96), and the RC 1 is thereby
released from a mode of communication with the PC 3, so
that the display of the LCD unit 15 shifts to the normal
display.

In this manner, the logs of the operation of the AC
temporarily stored (logs for 10 days at maximum can be
stored) in the AC indoor unit 2 are transmitted to the RC 1
and stored therein (logs for 40 days at maximum can be
stored), and the logs stored in the RC 1 are transferred to the
PC 3 when the RC 1 and the PC 3 are USB-connected to
each other. The PC 3 uses the operation-information man-
agement software pre-installed therein, so that the operation
information for the AC indoor unit 2 can be managed as
illustrated in FIG. 14 to FIG. 29.

Management of Operation Information in PC

FIG. 14 to FIG. 29 are diagrams of a PC screen example
through which the operation information for the AC is
managed based on the log information acquired by the PC.
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First, the screen as illustrated in FIG. 14 is displayed in the
PC 3 using the operation-information management software.
The operator clicks on a “Select AC” tag 100, clicks on a
button 101 of “Living-Room 1” provided in the Select AC
tag 100, and clicks on a Calendar tag 102, so that a calendar
screen 103 is displayed in which dairy operation time and
electricity expenses, monthly and yearly electricity
expenses, monthly target electricity expenses, and the like of
the AC required for “Living-Room 1” are described. This
enables the operator to continuously check the operation
status and the electricity expenses for each AC, thus using
the information for efficient usage and setting of the AC.

When the PC 3 and the RC 1 are USB-connected to each
other, as illustrated in FIG. 15, the RC 1 is connected to the
PC 3, and a window 104 indicating “Receiving data” is
displayed. When new operation information is loaded into
the PC 3, as illustrated in FIG. 16, a screen is displayed in
which operation times and electricity expenses up to the
previous day stored in the RC 1 are added to the calendar
screen 103.

The operator clicks on a Graph tag 105 on the screen in
the state of FIG. 16, and, as illustrated in FIG. 17, a graph
screen 106 in which dairy electricity expenses are illustrated
by a bar graph can be displayed. This enables the operator
to recognize at a glance an increase and a decrease of the
electricity expenses of the AC for one month. In addition, as
cumulative electricity expenses of the AC required for
“Living-Room 17, a total of electricity expenses for this
month, a total of electricity expenses for the previous month,
a total of annual electricity expenses, a total of electricity
expenses for the previous year, and monthly target electricity
expenses, or the like are also displayed, and therefore the
operator can recognize the operation status of the AC from
various angles.

By clicking on an All Rooms Total button 108 in the
Select AC tag 100 on the screen of FIG. 18, the graph screen
106 in which electricity expenses for the Living-Room 1
button 101 and electricity expenses for a Bedroom 1 button
107 are added up for this month is displayed in different
colors (different densities in a monochrome display). This
enables the operator to recognize at a glance the total of the
electricity expenses of the ACs required for all the rooms
and its breakdown. In addition, the graph screen 106 is
provided with a “Reduce” button 109 and an “Enlarge”
button 110. For example, when the Enlarge button 110 is
clicked in the state of FIG. 18, a graph rate changes as
illustrated in FIG. 19 in the graph screen 106, so that the
graph can be enlarged. This enables the operator to clearly
learn of a fine change of electricity expenses.

For example, as illustrated in FIG. 20, there is a case
where a large number of ACs such as the Living-Room 1
button 101, a Dining-Room 1 button 111, a Japanese-Room
1 button 112, a Bedroom 1 button 113, a Kids-Room 1
button 114, Extra Room 1 button 115, a Kids-Room 2 button
116 are registered in the Select AC tag 100. In this case, by
clicking on the All Rooms Total button 108, the graph
indicating the total of electricity expenses of all the rooms
for each day is displayed. The graph indicating the total of
electricity expenses of all the rooms for one day further
displays the electricity expenses of each room in different
colors (different densities in monochrome display), and this
enables the operator to recognize at a glance the breakdown
of the electricity expenses for the large number of ACs.

By clicking on a specific day in the graph display illus-
trated in FIG. 18, a window 117 indicating details of the
operation status on that day can be opened as illustrated in
FIG. 21. The electricity expenses and the operation time for
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all the rooms on that day, and an average temperature of
outside air temperatures, or the like can be displayed on the
window 117.

Furthermore, an AC-setting confirmation screen 119 as
illustrated in FIG. 22 is a screen appearing when the
Living-Room 1 button 101 of the Select AC tag 100 is
clicked and a “Confirm AC setting” tag 118 is clicked. The
AC-setting confirmation screen 119 is used to easily confirm
the details of setting contents of the AC registered in the
Living-Room 1 button 101 on the screen of the PC 3.
Moreover, each function of the setting contents is also
displayed on the AC-setting confirmation screen 119, so that
when a setting content is to be changed, the operator can
change the setting content while understanding it right. In
addition, by clicking on a Next Page button 120, an AC-
setting confirmation screen 119 at the next page is displayed
as illustrated in FIG. 23. When the setting content is to be
changed, the setting content to be changed is clicked, so that
contents to be changed are displayed as a menu and the
setting content is changed by clicking on a desired content.
If the operator wants to return to the AC-setting confirmation
screen 119 at the previous page, a Previous Page button 121
is clicked. The setting information changed in this manner is
sent from the USB-connected PC 3 to the RC 1. When a
command or the like is sent from the RC 1 to the AC indoor
unit 2, the changed setting information is sent with the
command, so that the setting of the AC indoor unit 2 is
changed.

When a One Point Advice button 123 illustrated in FIG.
24 is clicked in the calendar display in FIG. 16, a One Point
Advice window 122 is opened, and some advice for the
operator to efficiently use the AC is displayed. When a
plurality of One Point Advice windows 122 are provided, by
clicking a Next Page button 1224 or a Previous Page button
1224, another One Point Advice window 122 can be opened
(see FIG. 25).

As illustrated in FIG. 26, a Manage File tag 124 adjacent
to the Select AC tag 100 is clicked to display buttons such
as a Load button 125 for loading data from CD-ROM or the
like, a Write button 126 for writing data to CD-R or the like,
a Delete Model button 127 for deleting a model of ACs
registered in the Select AC tag, a File button 128 for writing
a file to a flexible disk (FD) or the like, a “How to Use This
Software” button 129 for displaying Help for the PC soft-
ware, and an “About This Software” button 130 for display-
ing a name, a source, version information of the PC soft-
ware, and the like. For example, the Delete Model button
127 among these buttons is clicked to open a window 131 as
illustrated in FIG. 27, and a list of already registered models
is displayed. For example, the Living-Room 1 button in the
window 131 is clicked to open a confirmation window 132
to confirm the deletion as illustrated in FIG. 28, and by
clicking on “Yes” or “No”, it can be deleted or the deletion
thereof can be cancelled.

As illustrated in FIG. 29, the About This Software button
130 in the Manage File tag 124 is clicked to enable display
of a screen 133 that displays a name of the PC software, a
name of its source, or released date although it is not
illustrated.

As explained above, in the air conditioner according to the
present embodiment, because the AC indoor unit 2 can
periodically acquire the operation information from the RC
1, by collecting the logs of the AC indoor unit 2 collected
through the RC 1 to the PC 3, the operation of the air
conditioner can be integrally managed by the PC 3. With this
feature, energy-efficient usage and setting of the air condi-
tioner can be appropriately performed.
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Second Embodiment
Description of Configuration

FIG. 30 is a block diagram of a schematic configuration
among an air conditioner body and a RC according to a
second embodiment, a humidifier, and an externally con-
nected device.

As illustrated in FIG. 1, the air conditioner according to
the present embodiment is formed with the AC indoor unit
2 being an air conditioner body, the RC 1, and an outdoor
unit (not illustrated). A remote operation and various settings
are performed on the AC indoor unit 2 from the RC 1 using
bidirectional wireless communication through RF modules.
When the RC 1 acquires various types of operation infor-
mation from the AC indoor unit 2, the various types of
operation information are displayed on a display unit of the
RC 1, to be used for operation control and various settings.
The RC 1 according to the present embodiment has a wired
connection with a personal computer (PC) 3 through a USB
connection terminal being an external connection terminal to
transmit the acquired various types of operation information
thereto, so that the PC 3 can manage the operation infor-
mation. The RC 1 according to the present embodiment can
remotely operate the humidifier 4 or the like being an
operation-target device other than the AC indoor unit 2 using
infrared (IR) LED being an infrared transmitter.

The RC 1 in FIG. 30 includes the RF module 11 being a
RC transmitter and a RC receiver including a transceiver and
an antenna for performing bidirectional wireless communi-
cation with the AC indoor unit 2, the USB socket 12 for USB
connection with the personal computer (PC) 3 that manages
information, the IR LED 13 that transmits a command to the
humidifier 4 through an infrared (IR) diode to control it, the
MPU board 14 that mounts thereon a microprocessor unit
(MPU) including a memory that stores therein data such as
the various types of operation information received from the
AC indoor unit 2 for a given period (here, 40 days) and
controlling the units of the RC 1, the LCD unit 15 being a
display unit for displaying the control information of the RC
1 and the operation information (operation time and power
consumption, etc.) of the AC indoor unit 2, the key operating
unit 16 through which an operation-target device is con-
trolled, the real time clock (RTC) 17 dedicated to measure-
ment of time for time management, and the battery 18 for
supplying power to the units of the RC 1.

As illustrated in FIG. 30, the AC indoor unit 2 includes the
RF module 21 being a body receiver and a body transmitter
for performing bidirectional wireless communication with
the RF module 11 of the RC 1; and the MPU board 22
mounting thereon an MPU being a calculator that controls
the units of the AC indoor unit 2 based on commands from
the RC 1 received by the RF module 21, collects the
operation information for the AC indoor unit 2, and calcu-
lates operation time and power consumption (electricity
expenses) in an air-conditioner operation mode 22a and in a
maintenance operation mode 224, and that includes memory
for storing thereon data for a given period (here, for 10
days). The AC indoor unit 2 also includes the RTC 23 the
same as that of the RC 1 because common time management
is required for performing wireless communication with the
RC 1.

Moreover, as illustrated in FIG. 30, the PC 3 includes the
USB socket 31 for connecting a USB cable to the USB
socket 12 of the RC 1. The PC 3 installs operation-infor-
mation management software to thereby enable data trans-
mission/reception upon USB connection, periodical collec-
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tion of operation information from the AC indoor unit 2
through the RC 1, and continuous operation management on
the PC screen.

As illustrated in FIG. 30, the humidifier 4 includes the
infrared proximity detector (IR PD) unit 41 for receiving an
infrared signal transmitted from the IR LED 13 of the RC 1.
The RC 1 can control the humidifier 4 using this infrared
signal (command).

As illustrated in FIG. 3, the RC 1 for controlling the
operation of the air conditioner includes the LCD unit 15
formed from a liquid-crystal display portion for displaying
operation information (operation time and power consump-
tion, etc.) and the key operating unit 16 for controlling the
operation of the AC indoor unit 2. The key operating unit 16
is provided with the Start/Stop key 16a for controlling
operation start and operation stop of the AC indoor unit 2.

The air conditioner according to the present embodiment
performs bidirectional wireless communication using the RF
modules between the RC 1 and the AC indoor unit 2, and
therefore, if a different model of AC is provided close to the
air conditioner, the RC 1 cannot discriminate an operation-
target device from the other, and thus the air conditioner
requires previous pairing setting. The pairing setting is the
same as that according to the first embodiment, and thus
explanation thereof is omitted. The communication
sequence in the case of exchange of the log information
between the RC and the AC after the pairing setting is the
same as that according to the first embodiment, and thus
explanation thereof is also omitted.

Display of Operation Time and FElectricity Expenses of
Air-Conditioning Operation and of Maintenance Operation

FIG. 31 is a diagram of a display example when a start
operation is performed from the RC to the air conditioner
body while the operation is stopped. FIG. 32 is a diagram of
a display example when a stop operation is performed from
the RC to the air conditioner body during operation. FIG. 33
is a diagram of a display example when the stop operation
is performed from the RC to the air conditioner body during
operation and then inner cleaning operation is performed.
FIG. 34 is a diagram of a display example when the stop
operation is performed from the RC to the air conditioner
body during operation and then an inner cleaning operation
and a filter cleaning operation are performed. FIG. 35 is a
diagram of a display example when setting of a filter
cleaning interval is changed based on the electricity
expenses for the filter cleaning operation displayed on the
RC.

When the AC indoor unit 2 is stopped and the RC 1 also
displays the operation-stop screen as illustrated in FIG. 31,
the operator depresses the Start/Stop key 164 of the RC 1,
and an indicator is changed to “Operating” illustrated by an
open arrow in response to the depression, and an indicator
of the AC indoor unit 2 is also changed to “Operating”.
However, when communication cannot be established even
if the Start/Stop key 16a of the RC 1 is depressed, “Com-
munication x” illustrated by a black arrow and indicating
that the communication is disabled” is displayed on the LCD
unit 15. Therefore, the operator can learn, just by looking at
the display of the RC 1, whether the communication is
successfully established and the command is executed or the
communication is disabled and the command is not
executed.

When the AC indoor unit 2 is operating and the RC 1 also
displays a screen of “Operating” as illustrated in FIG. 32, the
operator depresses the Start/Stop key 164 of the RC 1, and
the log is requested from the AC indoor unit 2 before an
operation-stop status is displayed. The MPU board 22 of the
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AC indoor unit 2 calculates electricity expenses and an
operation time in the air-conditioner operation mode 22a
and transmits the calculated results to the RC 1, so that the
electricity expenses and the operation time of Today’s
operation (air-conditioning operation) can be displayed in
“Notice” indicated by an open arrow. After 5.5 seconds have
passed since the display of “Notice”, the operation-stop
status indicated by an open arrow is displayed. A total of
today’s electricity expenses and a total of yesterday’s elec-
tricity expenses are displayed on the operation-stop screen.

Power consumption of the AC fluctuates caused by a
cooling or heating operation mode and a set temperature.
Therefore, the power consumption is determined in such a
manner that the AC indoor unit 2 measures the power
consumption in real time, integrates power consumptions to
determine power consumption, and determines the power
consumption using the determined power consumption and
the electricity expenses per unit time stored in the MPU
board 22 of the AC indoor unit 2, although these are not
illustrated.

When the AC indoor unit 2 is in air-conditioning opera-
tion and the RC 1 also displays a screen of “in cooling
operation” as illustrated in FIG. 33, the operator depresses
the Start/Stop key 16a of the RC 1, the log is requested from
the AC indoor unit 2 similarly to the case of FIG. 32, and the
today’s electricity expenses and its operation time calculated
by the MPU board 22 of the AC indoor unit 2 are displayed
on the RC 1. Here, the MPU board 22 of the AC indoor unit
2 determines that the air-conditioning operation is cooling
operation and condensation may be formed on the heat
exchanger or the like, and automatically starts inner cleaning
operation for drying the inside of the indoor unit after the
air-conditioning operation is stopped, to perform the inner
cleaning operation of the maintenance operation. The inner
cleaning operation time is determined according to the
cooling operation time before the operation is stopped using
a table stored in the MPU board 22 of the AC indoor unit 2.

At the time of starting the maintenance operation, the
MPU board 22 of the AC indoor unit 2 calculates electricity
expenses required for the maintenance operation from the
maintenance operation time and from the -electricity
expenses per unit time of the maintenance operation stored
in the MPU board 22 of the AC indoor unit 2, and transmits
information for the maintenance operation mode, the opera-
tion time, and for the electricity expenses to the RC 1, and
the RC 1 displays thereon the received information.

The RC 1 displays a remaining time of the inner cleaning
operation (remaining: about 90 minutes) using the mainte-
nance operation time information after 5.5 seconds have
passed since the display, and the remaining time is counted
down on the display. The measurement of the countdown is
performed by the RTC 17 of the RC 1. Alternatively, the
measurement is performed by the RTC 23 of the AC indoor
unit 2, and the countdown information may be transmitted to
the RC 1 and displayed thereon.

If the operator depresses the Start/Stop key 16a of the RC
1 when the inner cleaning operation illustrated in FIG. 33 is
displayed and some time still remains, the inner cleaning
operation is suspended, and the operation-stop screen indi-
cated by the white allow is displayed. The operation-stop
screen displays thereon a total of the today’s electricity
expenses and a total of the yesterday’s electricity expenses,
and displays an amount of money including electricity
expenses required for the inner cleaning operation up to its
suspension in the total of the today’s electricity expenses.

When the inner cleaning operation as illustrated in FIG.
33 is displayed and the maintenance operation is ended
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without suspension, as illustrated by the black arrow, the
operation time only for the maintenance operation (here,
inner cleaning operation) and actual electricity expenses are
displayed, and the operation-stop status indicated by the
white arrow is then displayed. The operation-stop screen
displays thereon the total of the today’s electricity expenses
and the total of the yesterday’s electricity expenses.

When the AC indoor unit 2 is in the air-conditioning
operation and the RC 1 also displays thereon a screen of “in
cooling operation™ as illustrated in FIG. 34, and when the
operator depresses the Start/Stop key 16a of the RC 1,
similarly to the case of FIG. 33, the RC 1 requests the log
from the AC indoor unit 2, and the electricity expenses for
today’s operation and the operation time calculated by the
MPU board 22 of the AC indoor unit 2 are displayed on the
RC 1. Similarly to FIG. 33, the MPU board 22 of the AC
indoor unit 2 determines that the air-conditioning operation
is the cooling operation and condensation may be formed on
the heat exchanger or the like, and automatically starts the
inner cleaning operation after the air-conditioning operation
is stopped. At this time, the AC indoor unit 2 transmits
information for the maintenance operation mode, the opera-
tion time, and for the electricity expenses to the RC 1, and
the RC 1 displays thereon the received information.

The RC 1 displays a countdown of the remaining opera-
tion time during the inner cleaning operation, using the
maintenance operation time information, after 5.5 seconds
have passed since the display of the information.

The inner cleaning is finished after 90 minutes, and the
RC 1 displays an operation time only for the inner cleaning
operation and actual electricity expenses as indicated by the
white arrow. When it is determined that the air-conditioning
operation time reaches a predetermined air-conditioning
operation integrated time, as illustrated in FIG. 34, the MPU
board 22 of the AC indoor unit 2 automatically starts the
filter cleaning operation for cleaning the filter as indicated
by the white arrow. At this time, also, the AC indoor unit 2
transmits information for the maintenance operation mode,
the operation time, and for the electricity expenses to the RC
1, similarly to the inner cleaning operation, and the RC 1
displays the received information. Thereafter, during the
filter cleaning operation, the operation status and the count-
down of the remaining time are displayed on the RC 1. The
countdown display is similar to the case of the inner cleaning
operation, and may therefore be performed by using either
one of the RTCs in the RC 1 and in the AC indoor unit 2.

When the maintenance operation is ended without sus-
pension of the filter cleaning operation illustrated in FIG. 34
(after 10 minutes), as illustrated by the white arrow, the
operation time and the electricity expenses only for the
maintenance operation (here, the filter cleaning operation)
are displayed, and the operation-stop status indicated by the
next white arrow is then displayed. The operation-stop
screen displays thereon a total of the today’s electricity
expenses and a total of the yesterday’s electricity expenses.

In this manner, the display screen of the RC 1 displays an
operation time for the maintenance operation and actually-
cost electricity expenses, separately from the operation time
and electricity expenses for the air-conditioning operation
when the maintenance operation is automatically performed
after the end of the air-conditioning operation. Therefore, the
operator can clearly recognize about how much the electric-
ity expenses cost for the maintenance operation. In addition,
when the total operation time and electricity expenses are
displayed, the operation status including not only the air-
conditioning operation but also the maintenance operation is
also displayed, and therefore the operator can learn of
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accurate operation status at any time. This enables the
operator to perform accurate setting, when the maintenance
operation and various operation settings are set, based on
these data.

For example, when the filter cleaning interval is set as
“Normal” on the setting screen as illustrated in FIG. 35, and
if the operator checks the electricity expenses required for
the filter cleaning operation and finds that the cost is not so
high, then the setting of the interval to perform the filter
cleaning operation can be changed to “Short” indicating that
the filter cleaning operation is more frequently performed.
Conversely, if the operator thinks that the electricity
expenses for the filter cleaning operation are high, then the
setting of the interval to perform the filter cleaning operation
can be changed to “Long”.

Display of Operation Status of Maintenance Operation

FIG. 36 is a flowchart of the operation of the air condi-
tioner according to the present embodiment. The operation
in the case of automatically performing maintenance opera-
tion after the air-conditioning operation will be explained
with reference to FIG. 36. First, it is determined whether a
stop operation of air-conditioning operation has been input
by the operator during the air-conditioning operation (Step
S500). When the stop operation of the air-conditioning
operation has not been input, the AC indoor unit 2 waits until
the stop operation of the air-conditioning operation is input
(Step S501).

When the operator stops the air-conditioning operation
through the RC 1 (Yes at Step S500), the MPU board 22 of
the AC indoor unit 2 calculates an operation time and
electricity expenses for the air-conditioning operation, and
the information for the air-conditioning operation time and
the electricity expenses or the like is transmitted from the
AC indoor unit 2 to the RC 1 through the RF module 21, and
the RC 1 acquires the information for the air-conditioning
operation time and the electricity expenses or the like (Step
S502). The AC indoor unit 2 determines whether the main-
tenance operation is required after the air-conditioning
operation is ended. When the maintenance operation is not
required (No at Step S503), the MPU board 14 of the RC 1
displays the acquired operation time and electricity expenses
for the air-conditioning operation (Step S504).

At Step S503, when it is determined that the maintenance
operation is required (Yes at Step S503), the MPU board 22
of the AC indoor unit 2 extracts a preset maintenance
operation time from the table stored in the MPU board 22 of
the AC indoor unit 2, calculates the electricity expenses, and
generates the information for the maintenance operation
(Step S505). The AC indoor unit 2 transmits the mainte-
nance operation information to the RC 1, and the RC 1
displays the maintenance operation time and the electricity
expenses on the LCD unit 15 of the RC 1 (Step S506). The
RC 1 displays a countdown of the remaining operation time
based on the operation time sent from the AC indoor unit 2
(Step S507). The RC 1 sets the reception wait status from the
AC indoor unit 2 to be off for energy saving until completion
of the countdown, and notifies the AC indoor unit 2 of the
completion after the countdown is completed. The AC
indoor unit 2 calculates a maintenance operation time and its
actual electricity expenses, and calculates a total operation
time of the air-conditioning operation and the maintenance
operation and electricity expenses therefor, and transmits the
information to the RC. The RC 1 displays the maintenance
operation time and the electricity expenses on the LCD unit
15 (Step S508), and, thereafter, displays the total operation
time and electricity expenses for the air-conditioning opera-
tion and the maintenance operation (Step S509).
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In this manner, even if the maintenance operation is
automatically started after the air-conditioning operation is
stopped, the air conditioner according to the present embodi-
ment can display not only the operation time and electricity
expenses for the air-conditioning operation but also the
operation time and electricity expenses for only the main-
tenance operation on the RC 1. Therefore, the operator can
perform appropriate setting of the maintenance operation
based on the operation time and the electricity expenses for
the maintenance operation displayed on the RC 1.

Moreover, even if the maintenance operation is automati-
cally started after the air-conditioning operation is stopped,
the air conditioner according to the present embodiment can
display total operation time and electricity expenses
obtained by adding the maintenance operation to the air-
conditioning operation on the RC 1, thus displaying accurate
operation time and electricity expenses on the RC 1. There-
fore, the operator can properly perform various settings
related to the air conditioner based on the accurate infor-
mation.

The communication sequence between the RC and the PC
is the same as that explained in the first embodiment with
reference to FIG. 13, and the management of the operation
information in the PC is the same as that explained in the
first embodiment with reference to FIG. 14 to FIG. 29, and
thus explanation thereof is omitted.

As explained above, the air conditioner according to the
second embodiment is configured to also enable the PC 3 to
manage the operation information for the AC indoor unit 2
through the RC 1. Therefore, the display contents incapable
of'being displayed only on the display screen of the RC 1 can
be displayed in detail using a display of an externally
connected device such as the PC 3. Particularly, when the
inner cleaning interval and the filter cleaning interval are set,
the operation time and the electricity expenses for only the
maintenance operation can be referred to on the setting
screen illustrated in FIG. 23 and FIG. 24, which enables the
operator to easily perform the settings.

Third Embodiment
Description of Configuration

FIG. 37 is a block diagram of a schematic configuration
among an air conditioner body and a RC according to a third
embodiment, a humidifier, and an externally connected
device.

As illustrated in FIG. 1, the air conditioner according to
the present embodiment is formed with the AC indoor unit
2 being an air conditioner body, the RC 1, and an outdoor
unit (not illustrated). A remote operation and various settings
are performed on the AC indoor unit 2 from the RC 1 using
bidirectional wireless communication through RF modules.
When the RC 1 acquires various types of operation infor-
mation from the AC indoor unit 2, the various types of
operation information are displayed on a display unit of the
RC 1, to be used for operation control and various settings.
The RC 1 according to the present embodiment has a wired
connection with a personal computer (PC) 3 through a USB
connection terminal being an external connection terminal to
transmit the acquired various types of operation information
thereto, so that the PC 3 can manage the operation infor-
mation. The RC 1 according to the present embodiment can
remotely operate the humidifier 4 or the like being the
operation-target device other than the AC indoor unit 2 using
infrared (IR) LED being an infrared transmitter.
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The RC 1 in FIG. 37 includes the RF module 11 being a
RC transmitter and a RC receiver including a transceiver and
an antenna for performing bidirectional wireless communi-
cation with the AC indoor unit 2, the USB socket 12 for USB
connection with the personal computer (PC) 3 that manages
information or the like, the IR LED 13 that transmits a
command to the humidifier 4 through an infrared (IR) diode
to control it, and the MPU board 14 that mounts thereon a
microprocessor unit (MPU) including a memory 144 that
stores therein data such as the various types of operation
information received from the AC indoor unit 2 for a given
period (here, 40 days) and controlling the units of the RC 1.
The MPU board 14 forms a control signal generator that
generates a control signal for changing the direction of a
louver in the AC indoor unit 2, and includes the memory 144
that stores thereon the information for air flow position of
the louver in the AC indoor unit 2 received by the RF module
11. The RC 1 includes the LCD unit 15 being a display unit
for displaying the control information of the RC 1 and the
operation information (operation time and power consump-
tion, etc.) of the AC indoor unit 2, the key operating unit 16
through which an operation-target device is controlled, the
real time clock (RTC) 17 dedicated to measurement of time
for time management, and the battery 18 for supplying
power to the units of the RC 1.

As illustrated in FIG. 37, the AC indoor unit 2 includes the
RF module 21 being a body receiver and a body transmitter
for performing bidirectional wireless communication with
the RF module 11 of the RC 1; and the MPU board 22
mounting thereon an MPU that controls the units of the AC
indoor unit 2 based on commands from the RC 1 received by
the RF module 21, collects the operation information for the
AC indoor unit 2, and calculates operation time and power
consumption (electricity expenses), and that includes
memory for storing thereon data for a given period (here, for
10 days). The AC indoor unit 2 also includes a louver 27
provided near an air outlet, a louver sensing unit 26 that
senses a direction of the louver 27 (a movable range of the
louver if it is swinging), and a louver changing unit 25 that
changes the direction of the louver 27.

As illustrated in FIG. 37, the PC 3 includes the USB
socket 31 for connecting a USB cable to the USB socket 12
of the RC 1. The PC 3 installs operation-information man-
agement software to thereby enable data transmission/re-
ception upon USB connection, periodical collection of
operation information from the AC indoor unit 2 through the
RC 1, and continuous operation management on the PC
screen.

In addition, as illustrated in FIG. 37, the humidifier 4
includes the infrared proximity detector (IR PD) unit 41 for
receiving an infrared signal transmitted from the IR LED 13
of'the RC 1. The RC 1 can control the humidifier 4 using this
infrared signal (command).

As illustrated in FIG. 3, the RC 1 for controlling the
operation of the air conditioner includes the LCD unit 15
formed from a liquid-crystal display portion for displaying
operation information (direction of the louver, contents of
the operation, operation time, and power consumption, etc.)
and the key operating unit 16 for controlling the operation of
the AC indoor unit 2. The key operating unit 16 is provided
with, in addition to the Start/Stop key 16a for controlling
operation start and operation stop of the AC indoor unit 2,
the OK key 165 required for start of pairing, an up/down
airflow key 16¢ for controlling up/down air flow of the
louver, a left/right airflow key 164 for controlling left/right
air flow of the louver, a swing key 16e for moving the louver
within a predetermined range, and the like.
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The air conditioner according to the present embodiment
performs bidirectional wireless communication using the RF
modules between the RC 1 and the AC indoor unit 2, and
therefore, if a different model of AC is provided close to the
air conditioner, the RC 1 cannot discriminate an operation-
target device from the other, and thus the air conditioner
requires previous pairing setting. The pairing setting is the
same as that according to the first embodiment, and thus
explanation thereof is omitted. The communication
sequence in the case of exchange of the log information
between the RC and the AC after the pairing setting is the
same as that according to the first embodiment, and thus
explanation thereof is also omitted.

Display of Operation of Changing Louver and Direction
of Louver

FIG. 38 is a diagram of a display example when an
up/down airflow key of the RC is depressed in order to
control the air conditioner body during automatic operation.
FIG. 39 is a diagram of a display example when the up/down
airflow key of the RC is depressed in order to control the air
conditioner body during swinging up/down in automatic
operation mode. FIG. 40 is a diagram of a display example
when the up/down airflow key of the RC is depressed in
order to control the air conditioner body during swinging
up/down and left/right in the automatic operation mode.
FIG. 41 is a diagram of an up/down air flow state of the AC,
and FIG. 42 is a diagram of a sequence of changing the
setting of an up/down air flow position. FIG. 43 is a diagram
of how to release the swing setting through the operation of
the up/down airflow key. FIG. 44 is a diagram of left/right
air flow state of the AC, FIG. 45 is a diagram of a sequence
of changing the setting of a left/right air flow position, and
FIG. 46 is a diagram of a release of the swing setting through
the operation of the left/right airflow key.

When the AC indoor unit 2 is operating and the RC 1 also
displays a screen of “Operating” as illustrated in FIG. 38,
and if the operator depresses the up/down airflow key 16¢
(see FIG. 3), part of the screen of “Operating” is changed to
a display indicating “Communicating”. This indicates that
the bidirectional communication is performed between the
RC 1 and the AC indoor unit 2.

Specifically, the RC 1 transmits the control signal for
changing the direction of the louver 27 from the RF module
11 to the AC indoor unit 2. When the RF module 21 of the
AC indoor unit 2 receives the control signal, the louver
sensing unit 26 senses a current air flow position of the
louver 27, and the information for the current air flow
position of the louver is sent from the RF module 21 to the
RC 1. If the RC 1 receives the sent information for the
current air flow position of the louver through the RF
module 11, then the communication is successfully estab-
lished.

In this manner, when the communication between the RC
1 and the AC indoor unit 2 has been successful, the current
direction of the louver is displayed on the LCD unit 15 based
on the information for the current air flow position of the
louver received by the RC 1, as indicated by a next white
arrow. Then, after 2.5 seconds, the display is returned to the
normal display indicating “Operating”. Even when the
operator of the RC 1 depresses the up/down airflow key 16¢
so as to change the direction of the louver 27, the operation
of changing the louver 27 is not performed a first time, but
the current direction of the louver is displayed on the LCD
unit 15. Therefore, the operator can learn of the current
direction of the louver 27 in the AC indoor unit 2 just by
looking at the display of the RC 1.
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Moreover, when the AC indoor unit 2 is operating and the
operator depresses the up/down airflow key 16¢ of the RC 1
while the louver is swinging up/down as illustrated in FIG.
39, part of the screen of “Operating” is changed to a display
indicating “Communicating” as indicated by the white
arrow. The display is the same as that in FIG. 38 so far,
however, the current direction of the louver displayed on the
LCD unit 15 of the RC 1 after the success in communication
is not one direction but is displayed within a fixed range.
This indicates that the louver 27 is in the swinging state that
repeats the movement within the fixed range. In this case,
also, after the position of the louver is displayed for 2.5
seconds, the display is returned to the normal display
indicating Operating.

Furthermore, when the AC indoor unit 2 is operating and
the operator depresses the up/down airflow key 16¢ of the
RC 1 while the louver is swinging up/down and left/right as
illustrated in FIG. 39, part of the screen of “Operating” is
changed to a display indicating “Communicating” as illus-
trated by the white arrow. Here, when the communication
has been successful, then a swing display indicating a fixed
range is displayed on the LCD unit 15 of the RC 1 as
illustrated by the white arrow. Thereafter, when the up/down
airflow key 16¢ is depressed a second time and thereafter,
the direction of the louver is changed sequentially as illus-
trated by the white arrows. The changing sequence is
cyclically implemented, as illustrated in FIG. 42, in such a
manner as “Airflow 1-1 (initial setting)—Airflow 1-2—Air-
flow 1-3 . . . —Airflow 1-8—Airflow 1-1 . . . 7. A
relationship between these Airflow 1-1 to Airflow 1-8 and
the up/down air flow state of the AC is such that, as
illustrated in FIG. 41, Airflow 1-1 corresponds to horizontal
and Airflow 1-8 corresponds to a downward air flow nearly
vertical. In addition, by operating the up/down airflow key
16¢, the swing setting state can be released as illustrated in
FIG. 43.

Referring to FIG. 40, the swinging state indicating the
fixed range is displayed on the LCD unit 15 of the RC 1, and,
thereafter, when the up/down airflow key 16¢ is depressed
the second time, the swinging state is released, and the
setting can be changed in order from Airflow 1 being the
initial setting. When 2.5 seconds have passed after the
operator changes the setting by sequentially depressing the
up/down airflow key 16¢ from Airflow 1 to Airflow 4, the
up/down air flow position is set at a finally set position, and
the display is returned to the normal display indicating
Operating.

The settings of the up/down swing and the up/down air
flow position have been explained in the above explanation,
and the settings of the left/right swing and the left/right air
flow position are also the same as above. However, as
illustrated in FIG. 44, the left/right air flow state (five types)
of the AC is different in a point that a small number of air
flows is provided as compared with the up/down air flow
state (eight types). When the left/right airflow key 16d of the
RC 1 as illustrated in FIG. 3 is depressed while swinging
left/right, the swinging state is released, and set operations
of the left/right air flow are sequentially performed. In
addition, by operating the left/right airflow key 16d, the
swing setting state can be released as illustrated in FIG. 46.

Even if receiving the control signal other than the change
operation of the louver 27, the AC indoor unit 2 may
transmit information for the air flow position of the louver
27 to the RC 1. In this case, the frequency of updating the
information for the air flow position of the louver 27
becomes high.
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The communication sequence between the RC and the PC
is the same as that explained in the first embodiment with
reference to FIG. 13, and the management of the operation
information in the PC is the same as that in the first
embodiment with reference to FIG. 14 to FIG. 29, and
therefore explanation thereof is omitted.

As explained above, the air conditioner according to the
third embodiment is configured to enable accurately set the
position of the louver after the current position of the louver
of the AC indoor unit 2 is recognized using bidirectional
communication function even if the AC indoor unit 2 sets the
automatic operation mode and performs the dew-drop con-
trol operation and the direction of the louver is thereby
automatically changed. In the present embodiment in par-
ticular, even if the operator does not know that the RC has
the function of displaying the current direction of the louver,
it is configured to display the current air flow position by
depressing the airflow key (up/down, left/right) the first time
and to cyclically change the air flow position of the louver
by depressing the airflow key the second time and thereafter,
thus achieving the air conditioner with excellent operability.

The air conditioner according to the present embodiment
is configured to enable not only to recognize and set the
angle of the fixed louver at the time of controlling the
direction of the louver but also to display the state of the
louver on the RC, and in addition, to set the air flow position
of'the louver during swinging even if the louver is in a swing
mode in which it is moving within the fixed range.

It should be noted that the air conditioner according to the
present embodiment has explained the case where the opera-
tor performs the air flow changing operation, however, the
present embodiment is not limited thereto. Thus, it may be
configured to automatically transmit the information for the
direction of the louver to the RC when the operation is
changed to the cooling, the heating, or to the dew drop
operation in the AC, to display the position of the louver in
the RC having received the information, and to store the
information for the direction of the louver on the memory
14d of the MPU board 14.

Moreover, in the air conditioner according to the present
embodiment, because the current position of the louver can
be displayed on the RC, the current operation mode can be
estimated to some extent only by looking at the operating
range of the up/down louver even if the AC is in the
automatic operation mode in which the operation is auto-
matically changed to the cooling, heating, or the dew drop
operation. This configuration is implemented by using such
features that the louver is mainly swinging downwardly
under the heating operation and the louver is mainly swing-
ing horizontally under the cooling operation.

Although the invention has been described with respect to
specific embodiments for a complete and clear disclosure,
the appended claims are not to be thus limited but are to be
construed as embodying all modifications and alternative
constructions that may occur to one skilled in the art that
fairly fall within the basic teaching herein set forth.

What is claimed is:
1. An air conditioner comprising:
an air conditioner body; and
a remote controller that controls an operation of the air
conditioner body, wherein:
the air conditioner body includes:
a body receiver that receives a control signal for
controlling the operation from the remote controller,
and
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a body transmitter that transmits operation information
for the air conditioner body to the remote controller,
and

the remote controller includes:

a remote-controller transmitter that transmits the con-
trol signal for controlling the operation to the air
conditioner body,

a remote-controller receiver that receives the operation
information transmitted from the air conditioner
body, and

a power-saving standby unit that transmits a request
signal from the remote controller to the air condi-
tioner body at a predetermined time interval, the
request being for operation information, and releases
a reception standby state after a given time has
passed,

the request signal is a signal for the remote controller to
request an operation status log from the air conditioner
body at a fixed time,

the operation status log is exchanged between the remote
controller and the air conditioner body after pairing
setting, and is stored in the air conditioner body,

the body transmitter is configured to transmit an instruc-
tion from the air conditioner body to the remote con-

troller for setting a reception standby state after a

predetermined set period has passed,

the remote-controller receiver of the remote controller is
configured to be set to the reception standby state after
the predetermined set period, and
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a lapse of the predetermined set period is an end time of
a maintenance operation of the air condition body.

2. The air conditioner according to claim 1, wherein,

the remote controller further includes

a reception-time limiting unit that sets the remote-con-
troller receiver as a reception standby state when the
control signal is transmitted from the remote-controller
transmitter, and that releases the reception standby state
after a given time has passed.

3. The air conditioner according to claim 2, wherein,

the remote controller further includes

a timer setting unit that transmits an operation stop signal
to the air conditioner body after a set time, and

the control signal is the operation stop signal transmitted
from the timer setting unit.

4. The air conditioner according to claim 3, wherein:

the air conditioner body further includes a human sensor
that counts a timer for a predetermined time since
detection of absence of a human body, and then stops
the operation of the air conditioner body, and

when the operation of the air conditioner body is stopped
by the human sensor, the body transmitter of the air
conditioner body is configured not to transmit the
operation information to the remote controller, but
transmits the operation information thereto when
receiving the operation stop signal transmitted from the
timer setting unit.
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